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SUNUtARY 

The Cook tnicl area in jouth c;cntral Alaska is currently undergoinp, the most 
rapid development in the state and will play an increasingly important role in the 
future of Alaska. Anchorage, the state's most populated city, is located at the head 
o( Cook Inlet, and is presently the center of transportation, commerce, recreation 
and industry. A particular concern of many governmental agencies, especially the 
Corps of Engineers, is to control and alleviate the environmental disturbances 
associated with this rap’d coastal zone development. 

This governmental interest in estuarine and nearshore environments has in- 
creased over the last several years, av> illustrated by new federal legislation and 
enactment of state laws protecting the fragile ecology of the coasts. As a result, 
the importance of acquiring adequate baseline data prior to further development 
in the marine environment was emphasized recently by the Environmental Pro- 
tection Agency. The primary objective of the investigation described in this report 
was to compile baseline information pertaining to the ocean circulation, especially 
the extent and patterns of tidal currents and tidal flushing, in Cook Inlet by utilizing 
aircraft and satellite imagery with corroborative ground truth data. 

Oceanographic processes in the specific areas of Cook Inlet have been previously 
investigated using data collected by conventional shipboard methods; however, 
data for regional areas are sparse. Although regional oceanographic relationships 
are beginning to emerge, considerably more data are required to develop a more de- 
tailed understanding of the oceanographic processes. A synoptic analysis of these 
oceanographic processes In large portions of the inlet wasaccontplishcd by correlat- 
ing interpretations made from remote sensing imagery with ground truth data. 
Satellite and aircraft imagery were analyzed and the interpretations correlated with 
data on currents, temperature, salinity, suspended sediment concentration and tides 
obtained from shipboard surveys during overflights. Data were acquired at different 
seasons and ttdai stages to detect respective changes. The current velocity and 
position, temperature, salinity and suspended sediment data were used to produce 
maps of surface circulation, isotherms, isohalincs and sediment concentrations; the 
"at depth" data were used to prepare water profile diagrams to determine water 
column characteristics, and define subsurface processes and inlet stratification, 

Coriolis effect, semidiuma) tides, inlet configuration and the Alaska current 
govern the circulation in Cook Inlet. Clear oceanic water enters the inlet on the 
southeast during flood tide at Seldovia, progresses northward along the eastern side 
with minor lateral mixing, remains as a distinct water mass to the latitude of 
Kasilof’Ninilchik, then mixes extensively with the turbid inlet water in the area 
near the Forelands. Ebbing water moves south primarily along the north and west 
shore, and a distinct zone between the two water masses forms in mid-inlet south 
of Kalgin Island. Turbulence and vertical mixing appear to be most prominent 
along the cast shore while stratification is pronounced in Kamishak and Kachemak 

vii 


Buyi, espi'cijlly during periods ut high fresh svalci tuntjH. Uniiom scouring was 
evident along the eastern shore south uf ft. fussessiun. Must of the sed’tnent dis- 
charged intu the miet t>. deprjsiled aUrng ttie extensive tidal fiats, and sonte suspended 
sediment is ttanspnrteci along tlie west side and out the inlet past Cape Douglas. 
Complex tirculaiion patterns were observed near Kalgin Island because, at this loca- 
tion, ebbing and flooding waters meet, current velocities are high and coastline con- 
ftguralton causes streng cross-inlet currents. Several local circulation patterns nut 
previously reported were identified; a clockwise back eddy observed during Mood 
tide in the slack u-aier area west of Clam Ciulch, a tounfertlock wise current north 
of the forelands during ebb tide at Anchorage, and the movement ol sediment laden, 
ebbing water past the west side of Augustine Island, out the inlet around Cape Doug- 
las and through Sheiikof Strait. The use uf saisllile and aircraft imagery provided ' 
means of acquiring synoptic information for analv^ing the dynamic processes of 
Cook Inlet in a fashion not previously possible. Data on circulation and sedimenta- 
tion acquired by this proiect and similar remote sensing investigations would be 
useful in several on-going Alaska District, Corps of Engineers investigations, such as 
in preparing environmental impact statements prior to the construction of offshore 
ant' coastal structures (especially in areas of active petroleum development), and 
in providing reliable repetitive data to slate and local agencies and private industry 
with interests in preserving the environmental quality of the inlet. 

Based on the experience of this investigation the following recommendations 
were made; 

There is a need to emphasiae and improve provisions for technology transfer 
v/ithin user organizations. 

Utilization of aircraft and satellite data must be increased in remote areas where 
ground surveys are seasonally impossible or prohibitivclv expensive. 

A cooperative program of the U.S. Geological Survey, the National Ocean Sur- 
vey, NOAA, the Corps of Engineers, and various universities and state agencies 
should be instituted to develop a more complete data base on the water quality 
and processes of the inlet. 

Additional research is required in several areas. 

The utility of imagery in measurement of suspended sediment concentrations 
should bo investigated as a method for estimating deposition rates, dredging 
schedules, and ultimately, the longevity of harbors and small boat basins. 
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BASELINE DATA ON THE OCEANOGRAPHY 
OF COOK INLET, ALASKA 

Lawrence W. Gatlo 


INTRODUCTION 

The Cook Inlet area in south central Alaska (Fig, 1 ) 
is currently undergoing the most rapid development 
in the state and will play an increasingly important 
role in the future of Alaska. Anchorage, the state’s 
most populated city, located at the head of Cook in- 
let, is presently the center of transportation, com- 
merce, recreation and industry. The use of Cook In- 
let as a water road to this growing region wiii increase 
as the areal development continues. A particular con- 
cern of many governmental agencies, especially the 
Corps of Engineers, Is to control and alleviate the en- 
vironmental disturbances associated with this rapid 
coastal zone development. Increased estuarine pollu- 
tion will be a direct result of this future development. 

This governmental interest in estuarine and near- 
shore environments has increased over the last several 
years, as illustrated by new federal legislation and 
enactment of state laws protecting the fragile ecology 
of the coasts. As a result, the importance of acquiring 
adequate baseline data prior to further development 
in the marine environment was emphasized recently 
by the Environmental Protection Agency (Carter 
1973), in addition, an international symposium on 
the physical processes responsible for the dispersal 
of pollutants in the sea, with special reference to the 
nearshore zone, was convened at the University of 
Aarhus, Denmark, in July 1972. Subjects of particu- 
lar concern were advective processes (currents and 
circulation), turbulent processes (diffusion, shear 
effects and stratification), effects of ice cover, water 
entrainment, beach and estuarine processes and mod- 
eling (Hansen 1973). Also a coastal zone workshop 
sponsored by the institute of Ecology and the Woods 
Hole Oceanographic Institution was held in Woods 
Hole, Massachusetts from 22 May to 3 June 1972. 

"Hie primary objectives of this workshop were to 



identify problems of the coastal zone, assess effects of 
man’s activities and identify scientific, legal, social 
and economic constraints that prevent rational manage- 
ment of coastal resources, A general conclusion of the 
workshop was that "maximum rational use of coastal 
resources consistent with the retention of life-support 
systems, beauties and amenities of the coastal zone for 
the enjoyment of future generations mu . be the ob- 
jective of coastal zone management" (Ketchum and 
Tripp 1972). A specific recommendation of the work- 
shop, "the acceleration and expansion of baseline sur- 
veys,” was addressed during this investigation. 

Suspended sediment is currently the dominant pol- 
lutant in Cook Inlet and will increase as previously 
undisturbed areas become affected. Knik and Matan- 
uska Rivers alone discharge up to 1 50,000 tons of 
glacial silt per day into the inlet during the summer 
months (Carlson 1970). Other pollutants Include 
municipal sewage, and waste from canneries and natu- 
ral or manmade oil spills. Baseline data on the ocean 
currents, particularly tidal currents and the patterns 
of tidal flushing, are needed to determine the extent 
that these pollutants remain in the inlet (Bartlett 1973). 

Background 

Oceanographic processes in the following specific 
areas of Cook Inlet have been investigated using data 
collected by conventional ship board methods: Niklski 
(Rosenberg et al. 1967 and 1969), the mouth of the 
Drift River and Trading Bay (Marine Advisers 1966a 
and b), and Knik Arm (Murphy et al. 1972). Data for 
regional areas are sparse. Sharma and Burrell (1 970) 
mapped the distribution of bottom sediments in a large 
portion of the inlet; available environmental and ocean- 
ographic data were compiled by Wagner et al. (1969) 
and Evans et al. (1972). Although regional oceano- 
graphic relationships are beginning to emerge, consid- 
erably more data are required to develop a more 
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detailed understanding oi^he oceanographic processes. 
A synoptic analysis of the oceanographic processes in 
large portions of tiic inlet can be accomplished by 
correlating interpretations made from remote sensing 
imagery with ground truth data. 

The application of remote sensing imagery in mon- 
itoring surface water circulation and sedimentation 
processes has been demonstrated in the Straits of 
GcorgFa {Tabata 1 972), at South Pass, Mississippi 


River (Coleman et ai. 1972), near the Mississippi River 
Delta (Walsh 1969), along the north and south shore 
of Long Island (Pluhowski 1972), and in the area 
around Anchorage and Knik Arm (Barnwell and Zc- 
nonc 1969). Traditional data collection procedures 
from aboard ship arc expensive and time-consuming 
and they exclude the possibility of acquiring synop- 
tic data. Conversely, analyses of patterns of surface 
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portion of the inlet can be made synopltcally with air- 
craft and satellite imagery and limited ground truth 
data. In addition, less time is required to observe a 
given area on the imagery than is needed for sampling 
while on the sea surface. 

The improved understanding of inlet circulation, 
especially tidal flushing processes as natural mechanisms 
fur dissipating pollutants, will result in more intelligent 
and efficient planning and performance of construc- 
tion, maintenance, design and related engineering ac- 
tivities in this marine environment. In addition, new 
remote sensing interpretation techniques developed 
during this Investigation would be useful in guiding 
improvements in sensor selection and analysis methods 
for future aircraft and satellite programs. 

Objectives 

When this project was originally conceived the fol- 
lowing objectives were established; 

1 . Compile baseline information pertaining to the 
ocean circulation, especially the extent and patterns 
of tidal currents and tidal flushing in Cook Inlet. 

2. Obtain new remote sensing data on the circula- 
tion patterns, and sediment transport and deposition 
under different seasonal and tidal conditions. 

3. Validate the most suitable combinations of sen- 
sors, altitudes, and seasons for ocean and tidal current 
studies. 

4. Develop appropriate maps, charts, diagrams and 
reports describing and documenting the oceanographic 
processes to prepare a baseline package. 

5. Improve techniques and develop ideas that will 
advance our capability for Improvements in future 
remote sensing studies of arctic and subarctic ocea- 
nography. 

Objectives 1 through 4 have been accomplished and 
the results arc reported here. A baseline data package 
has been compiled on circulation patterns and the 
extent and patterns of tidal flushing and sediment 
transport under various seasonal and tidal conditions. 
These data were acquired using remote sensing meth- 
ods (i.e. aircraft photography and infrared scanner 
imagery and medium or high altitude satellite multi- 
spectral imagery) and corroborative ground truth data. 
Tliis combination of sensors provided the means to 
acquire the most useful data, and each sensor attrib- 
uted a unique capability to the investigation. Objec- 
tive 5 was indirectly addressed in that limitations of 
the sensor systems used during this project were enu- 
merated. Techniques were improved and ideas devel- 
oped by illustrating the utility of remote sensing data 
in areas where existing data are sparse. 


Project history 

A chronological listing of the events and accom- 
plished milestones of the project is presented in Table I. 
Interim and related reports prepared and presentations 
made during the project arc summarized in Table It. 

A review was made of current literature and unpub- 
lished reports pertaining to the oceanography of Cook 
inlet. Oceanographic and bathymetric data were ob- 
tained from the National Ocean Survey and the Uni- 
versity of Alaska Institute of Marine Science. Thematic 
maps were prepared of bottom topography, tempera- 
ture and salinity distribution, surface currents and sus- 
pended sediment distribution, Tltc tcmperaiure-salinity 
contour maps were used to characterize the water 
masses and the complex dreuiatton patterns and were 
compared to interpretations from aircraft and satellite 
imagery. NASA NP-3A aircraft imagery obtained on 
22 July 1972 was used to analyze surface circulation 
patterns, mixing patterns along river plumes, tidal flat 
morphology and coastline configuration. Late sum- 
mer and fall water movements were monitored and 
regional circulation patterns determined with LAND- 
SAT-1 imagery. NOAA-2 and -3 VHRR (Very High 
Resolution Radiometer) visible red and thermal infra- 
red imagery was used to analyze the formation, move- 
ment and ablation of inlet ice. The repetitive and 
synoptic satellite imagery proved to be a necessary tool 
in analyzing estuarine processes. 

Tidal flushing rates were calculated for Knik Arm 
and the inner portion of Kachemak Bay. Dissipation 
of inlet pollutants is dependent of tidaf current veloci- 
ties and the amount of freshwater inflow which influ- 
ence the net exchange of inlet and ocean water; where 
these Factors arc high, the dispersion and diffusion 
action is greatest. Current and mixing patterns were 
analyzed and areas delineated where tidal flushing 
mechanisms and suspended sediment dispersion are 
most active. 


APPROACH 

Suspended sediment concentrations in Cook Inlet 
vary from greater than 1700 mg/I near Anchorage 
(Wright ct al- 1 973) to as low as 0.4 mg/I near the in- 
let mouth (Kinney etal. 1970b). The suspended sedi- 
ment acts as a natural tracer by which circulation pat- 
terns and water masses with different suspended sedi- 
ment loads (temperatures and salinities) arc visible 
from satellite and aircraft altitudes; thus, surface cur- 
rents, water mass migration, sediment distribution and 
nearshore processes can be analyzed using remote sens- 
ing techniques and corroborative ground truth data. 
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Table I. Projeit bislury, chronoloKical lislinK events ami niileslunes. 





Proieit cointncMu ciiic-nl /Kfi enit >»l N'ASA-1)I*U, \\ -I IIS 


N’ASA NP-iA 


Receipt of ^ro and t ruth clat a 


1st Qua rte rly Manat’emc nt / K i nancial Report 


Acciuisitton of fcU<TS-l ima 


Receipt of NASA aircraft ituajjery 


^nd Quarterly Mana^ement/F'inanc ial Report 


Thematic mapping with I.KT 


Water masses/sediment distribution 


ca ice movement 


Acquisition of N. O. A. A 


and -3 imaeer 


Sea ice regime / N. O. A. A. and -3 ima>tery 


Presentation at ind ERTS-1 Symposium. "Sediment distribution a nd coasta 


processes in Cook Inlet, Alaska 

Project review at Office of Chief of Engineers, Systems Analysis !3rancl< 


Rtmorki 


♦Calendar year divided into quarters. 

♦♦CRTS (liarth Resources Technoloj’v Satellite) renamed I.A.nHSM- 1 . 















'Ir I (coni dl 


Ml lea tunes 


First look inlerpretalion/evaluation ot ain rail imanery 


Thematic mappinn with NASA air«.rafl iii»ai;ery 


Surface circulation 


Nearshore transport 


I lieinalic maupinu with and analysis of cround truth liata 


Siirface temperature, salinity and suspended sediment <list ri jut ions 


Temperature and salinity profiles 


T-S diagrams/char^cterize water types 


Analyze changes with seasons /tides 

uarterly Management/ Financial Keport 


Prf»liminary analysis report 


5th Quarterly Management/Financial Report 


U.S. Army Corps of Engineers Remote Sensing Symposium, L. B, J. Space 


oastal processes. Cook Inlet 


Preliminary Cost/ Benefit Analysis 


6th Quarterly Management/Financial Report 


Seattle District remote sensing briefing 


8th Quarterly Management/Financial Report 


Final Report (Draft 


ml 


lulliso 


Remarki 


Calendar year divided into quarters 






















Tabic n. Reports prepared and presentations made during the project. 

Reports 

Preliminary analysis report: Baseline data on tidal flushing in Cook Inlet^ Alaska. June 1973, 

11 p. (unpublished). 

Sediment distribution and coastal processes in Cook Inlet, Alaska. In Symposium an Significant 
Resuits Obtained from the Earth Resources Technology Satellite-1 , NASA SP-327, March 
1973, p. 1323-1339, 

Cook Inlet, Alaska, bay processes. In Office of Chief of Engineers Handbook, Chap. 4, Remote 
Sensing for Environmental Analysis, A Reference Document for Planners and Engineers, 
Washington, D.C., August 1974, p. 33. 

Presentations 

Second ERTS-1 Principal Investigator’s Symposium, Goddard Space Flight Center, 5-9 March 
1973, Sediment distribution and coastal processes in Cook Inlet, Alaska. 

Project review. Office of Chief of Engineers, Systems Analysis Branch, Washington, D.C., 

9 March 1973. 

U.S. Army Corps of Engineers Remote Sensing Symposium, L.B. Johnson Space Center, Houston, 
Texas, 26-30 November 1973, Coastal processes. 

Applications of remote sensing data to Corps of Engineers projects. Seattle District, Corps of 
Engineers, 28 January 1974. 


Aircraft imagery 

The NASA Earth Resources Aircraft NP-3A (NASA 
92) conducted a contingency flight on 22 July 1972 
(Data Flight 7) over Cook Inlet during Mission 209. 
Seven flight lines Fig. 2) totaling 292 nautical miles 
were flown at an altitude of approximately 20,000 ft 
from 1 053 to 1233 Alaska Daylight Savings Time. 
Coverage includes the northern inlet from Harriet 
Point to the head of Knik Arm and the southern 
shore from Cape Kasilof to Anchorage including 
Tu rnagain Arm. Atmospheric conditions were ideal: 
unlimited ceiling, visibility 90 miles, air temperature 
66”F (1 8,9°C), relative humidity 57%, wind southeast 
at 3 knots. Most of the imagery was acquired during 
early flood tide at Anchorage, but during late flood 
at Seldovia; ebb tide occurred later in the day when 
the sun angle was too low and an overflight was not 
possible (Table 111). The tidal stage differs at loca- 
tions throughout the inlet because of its size; low tide 
can occur in the south while high tide is occurring in 
the north. For example, on 22 July 1972, high tide 
at Seldovia occurred I'A hours after flood tide began 
in Anchorage. 

Photography was acquired with two 94n. format 
RC-8 metric cameras with 6-in. lenses (Table IV). 



One camera has a Wratten 16 filter with Kodak PIus-X 
Aerographic black and white film (Type 2402) and the 
other a Wratten 12 filter (minus blue) with Kodak 
Aerochrome Infrared film (Type 2443), The scale of 
the photography was approximately 1 :40,000 and the 
quality generally good. 

Features apparent on the photography include: 
surface circulation patterns, relative differences in 
suspended sediment concentrations in the inlet and 
river plumes, water mass boundaries, foam and debris 
lines on the water surfece (which indicate local wind 
and/or surface current patterns), sun glint on the sea 
surface (which enhances the view of wave front move- 
ment), wave refraction and long shore currents, areas 
of bottom scouring and sediment reworking, near- 
shore bathymetry, tidal flat morphology, and coastal 
landforms. The above features are more distinct on 
the Aerochrome color infrared (CIR) than on the 
Pius-X photography because atmospheric attenuation 
is less. The CIR photography records near- ID radiation 
which is less affected by haze. In addition, the amount 
of blue-green light prod”.ced by the haze that enters 
the camera is reduced by the Wratten 1 2 filter. The 
color infrared photography has been reproduced in 
black and white for this report. The approximate 
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Figure 2. NASA NP-3A aircraft flight hnn; mission 209 thy^n on 22 lulv 1972. 


Table III. Tides al Ars^horage and Seldovia on 22 )uly 1972 (from U.S. Depan.v ?n! of Commerce 1971). 

Time Height Time Heigh! 

(Alaska Daylight Sas’ings Time) (m)* (Alaska Paylist Savings Time) (m)* 


Anchorage 

0349 

7.5 

Seldovia 

0601 

0.7 


1109 

0.4 


1242 

4.0 


1738 

7.8 


1748 

2.1 


2321 

2.5 


2342 

4.7 


* Above the datum of soundings, which is the mean lower low water depth on charts of the locality. 


7 



T.iblc !V. Djta Tor NASA NI’»3A aircraft nijjlit 7, nrijsion 209, 22 jiily 1 972. 
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icalci T)f iHciC rej'»otiUcl(ons arc indicaU d i>n the 
prints. 

An RS-14 infrared scanner recordinj* in two chan- 
nels, 3-5.5 pm and S-14 pm, produced 70-mm pusi- 
listf (ilm strips tor each ftigfit liitc (App. Aj. Tfic 
scale of the original RS-14 scanner imagery isappro.\i* 
matelv f in. - 2.25 miles and features 400 ft or larger 
in size can be seen. The quality is acceptable, al- 
iliough soRii. stri ps arc marked wi tlv bn'gii i scan I incs 
caused bs instrument noise (these are not included 
in App. A}. The scanner imagery^ sbossi. thermal 
patterns m the water and was useful in jmcrpreilng; 

1) the surface thermal paitcrris in selected jcalions, 

2) mixing patterns at the interfaces between colder 
river water and the inlet water, and 3) the sources of 
Warm or cold water entering the inlet. 

The corrdatian between patterns on the photog- 
raphy and the IR scanner imagery is veiy good.* 

These two NASA atreraf t data sourcK were used to 
verify patterns observed on LAND5.AT imagery and to 
aid in analyzing surface currents which arc the mecha- 
nising of pollutant dispersion and diffusion at river 
mouths and along the coast 

t.ANDSAT-1 imagery 

Tile m-jIUspcctral scanner (MSS) on LANDS AT-1 
has been ttic primary source of satellite imagery. Tile 
MSS records reflected radiation in four bands of the 


it^fer to Preliminary Anatysh Report for AVIS/t 
SRfTProiect 160-75^9^02-10, dated Jinie: 19^^^ 


visible and near infrared region of the electromagnetic 
spectrum: hand 4, 0.5-0.6 pm; band 5, O.G-0.7 pm; 
band 6, 0.7-0.S pm; and band 7, 0.S-t.T pm. Coastal 
landforms and cultural features are most distinct on 
LANDSaVT ^lSS bands 5, G and 7i and suspended sedir 
meni distribution on bands 4 and 5. In genera! only 
one LANDS AT band is reproduced in this report 
However, many of ibe conefustons are fully justified 
bhly by inspection of two or more spectral bandsv In 
addition, die offset reproduction process has obscured 
some of the Icaiurcs discussed in the text or annotat- 
ed on the photographs. 

The satcititc passes over CoqL inlet four successive 
days per orbital cv'cle, records three scenes of the in- 
Icton each day (weather permitting), and, as of 7 
August 1974 (end of analysis of LANDSAT imagery), 
had completed 41 cycles since launch on 23 J uly 1972. 
Each image covers 1 85 krn on a side, has 10?a overlap 
and approximately 50-G0% Side|ap at the latitude of 
Cook Inlet OnSy 2n?o of the imagery is useful, how- 
ever, because of frequent and c,vtcnsivc cloud cover 
and because of the low sun angle (< 8°) from late 
November to mid-January. In spite of these interrup- 
tions in coverage, suffleient data arc available for de- 
tail cd analysis; ' 

NOAA-2 and -3 satellite imagery 

The very high rcsoltnipn radiometer (VHRR) on 
buiird the NOAA-2 and -3 satellites, launched T5 ' 
October 1972 and 6 November 1973, respectively, 
into sun-synchronous polar orbits, provides imagery 
in two bands; visible red (O.G-O.lpm) and thermal 



infrared (10.5*12.5 /.im). The thermal IR imageiy Is 
useful in observing the formation, ablation and move- 
ment of sea ice in the inlet during the low sun angle 
periods when LANDS AT is not acquiring data. The 
VHRR imagery, with a ground resolution of 1 km at 
nadir (LANDSAT ground resolution is approximately 
70 m}, is acquired several times during the day for the 
same area and serves as correlative information to the 
LANDSAT imagery. 

Ground truth data 

Ground truth data, used in compiling a baseline data 
package and as corroborative information in interpret- 
ing satellite and aircraft imagery, were obtained from 
two principal sources: the National Ocean Survey, 
NOAAand the University of Alaska Marine Institute. 
Oceanographic data were acquired with two ships from 
the Oceanographic and Coastal Mapping Divisions of 
the National Ocean Survey, NOAA. Data collection 
was recently completed for the second season of a 
multiyear NOAA program to provide info'^'::auon for 
revision of the Cook Inlet navigational charts and to 
provide data for ecological, pollution, engineering and 
fisheries studies (Isiah Fitzgerald, persona! communi- 
cation, 1 973). 

Two types of surveys are being performed by 
NOAA: a tidal/current survey with instrumented 
buoys which measure currents and tidal fluctuations 
at selected locations in the inlet, and a hydrographic 


survey of salinity, temperature, bathymetrv' and bottom 
sediment characteristics. Temperature and salinity (T-S) 
measurements were obtained from 1 5 May-9 Septem- 
ber 1973 using a PIcsscy 9060 self-recording STD instru- 
ment, Three types of stations were located at 62 sites 
in the inlet south of GO” north latitude (Fig. 3). Data 
were acquired from each site several times during the 
survey period. Four time scries stations (S) were lo- 
cated in the south central part of the inlet. Data were 
acquired every half hour for 1 3 hours at those locations. 
Thirty transect stations (ST) were located along four 
transects across the inlet and one across Kamishak Bay, 
east of Augustine Island. Thirty peripheral stations 
(SP) were scattered in Kamishak Bay, Kachemak Bay, 
Kennedy Entrance between the Barren and Chugach 
Islands and along the southeast coast from Elizabeth 
to Yukon Islands. Data wete taken every 5 m from 
the surface to 50 m, then at 10-m intervals from 50 m 
to the bottom at deeper sites. 

Additional temperature, salinity, pH, dissolved oxy- 
gen and nutrient (PO 4 , NH 3 , NOj, NO 3 , 5103 ) meas- 
urements from six cruises were provided by the Uni- 
versity of Alaska Marine Institute. Data for surface 
and depth were collected throughout the inlet at 44 
stations from 1 5-19 July 1966, 31 stations from 25-26 
August 1966, 76 stations frorn 6-1 3 J une 1967, 65 sta- 
tions from 21-30 May 1968, 12 stations from 26-28 
August 1969, and 14 stations from 17-18 August 1970. 
More recent surface salinity, temperature and suspended 


sediment concentration measurements* were obtained 
dUTing 6 surveys from August 1972 to June 1973; 47 
stations from 22-23 August 1972 in the northern inlet 
and on tiic eastern side of the southern inlet, GS sta- 
tions from 25*29 September 1972 throughout the in- 
let, 4 stations on 27 March 1973 from Tuxedni Bay to 
Anchor Point, 8 flood tide and 10 ebb tide stations on 
14 April 1973 from Chinitna Bay to Homer, and 65 
stations from 7-8 June 1973 in the southern inlet be- 
tween 60“l0’ and 59‘’30' north latitude. 

Aerial and ground surveys were made from 28 May- 
2 June and 5-7 August 1972. Panchromatic black and 
white, color and color infrared low-altitude aerial 
photographs were acquired of coastal topography, 
tidal flats, sediment plumes at river mouths, surface 
circulation patterns at ebb and flood tide, suspended 
sediment load at various locations, wave patterns and 
patterns of wind effect on the water surface. Beach 
profiles and surface features on exposed tidal flats 
were observed. The photographs acquired and obser- 
vations made during the surveys were used as ground 
truth in analyzing the satellite and NASA aircraft im- 
agery. Additional ground truth sources include current 
literature, unpublished reports from tlic U.5. Geologi- 
cal Survey, University of Alaska Marine Institute and 
private industry, and bathymetric dau from the Na- 
tional Ocean Survey. 

Imagery and ground truth data analysis 

Satellite and aircraft Imagery were analyzed and the 
interpretations correlated with data on currents, tem- 
perature, salinity, suspended sediment concentration 
and tides obtained from shipboard surveys during over- 
flights. Data were acquired in different seasons and 
tidal Stages to detect respective changes. The current 
velocity and position, temperature, salinity and sus- 
pended sediment data were used to produce maps of 
surface circulation, isotherms, isohalincs and sediment 
concentrations; the “at depth" data were used to pre- 
pare water profile diagrams to determine water column 
characteristics and define subsurface processes and in- 
let stratification. This report constituted a preliminary 
baseline data package with direct application to many 
marine engineering problems. This approach has dem- 
onstrated the effectiveness of remote sensing tech- 
niques in providing daia required for the solution of 
these problems, 

PHYSICAL AND CULTURAL SETTING 
Geography 

Cook Inlet is oriented in a northeast-southwest di- 
rection and is approximately 330 km long, increasing 

* Data provided by F.E Wrighr, Unive/sity of Alaska. 


in width from 37 km in the north to 83 km in the south. 
The mosaic of Cook Inlet shown in Figure 4 was made 
with LANDSAT MSS band 6 images acquired during its 
sixth cycle over the inlet on 3 and 4 November 1972 
when the sun angle was only 12“. These were the first 
cloud-free images of the entire inlet, but the low sun 
angle caused the patterns on the flat water surface to be 
subdued, cspcctally in bands 4 and 5. Various areas 
around the inlet were observed during the previous five 
cycles but generally clouds obscured most of the inlet 
and a synaptic view of surface circulation patterns and 
sediment distribution was not available until November. 
It was determined by inspection that band 6 provided 
the best rendition of coastline configuration and sur- 
face patterns. 

The inlet is geographically divided into a northern 
and southern region by the East and West Forelands. 

It is bordered by extensive tidal marshes, lowlands with 
many lakes and glacier-carved mountains. Tidal marshes 
arc prevalent around the mouth of the Susitna River, 
and in Chickaloon, Trading and Redoubt Bays, The 
Chugach Mountains border the inlet on the cast. The 
Kenai Lowland, a flat marshland of takes and bogs, is 
situated east of and ad|accnt to the inlet. It separates 
the inlet from the Kenai Mountains on the southeast; 
the mountains trend southwesterly and border the inlet 
mouth on the southeast. The Susitna Lowland, similar 
in topography to the Kenai Lowland, is located at the 
head of the inlet and lies between the Talkcetna Moun- 
tains on the northeast and the southern Alaska Range 
on the northwest. The Aiaska-Alcuiain Range forms 
the western border. 

The eastern mountains are generally lower (1000- 
2000 m) than those on the west (1000-3000 m). The 
mountains are steep and rugged with vary distinct tree- 
lines. Above the trceline, bedrock is exposed and rock 
slides are common; scrubby alpine vegetation occurs 
on the lower slopes; black spruce forests or grasslands 
exist in a few areas. The higher portions of the sur- 
rounding ranges arc covered with ice fields and valley 
glaciers; regional topography has been sculptured by 
extensive glaciation. 

Approximately 90% o' the Kenai, Chugach and 
Talkcetna Mountains is n mforcslcd; however, approxi- 
mately 70SS of the forested areas in these mountains 
occurs in the Chugach National Forest where sitka 
spruce and western hemlockarc dominant species. The 
remaining forest lands, located on lower slopes and in 
stream valleys, are dominated by interior sprucc-birch 
forests. Nearly 75'’' of th? Cook Inict-Susitna tow- 
lands Ts forested with white spruce, paper birch, and 
quaking aspen. Sitka spruce is common around the 
mouth of the inlet and cottonwood along major streams, 
Black spruce occurs in wet or burned areas; muskeg, usu- 
ally treeless, occasionally supports some stunted black 
spruce. Lowland vegetation changes to grasses, willow, 
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! igure 4. Geographic setting of Cook Inlet. Mosaic made from MSS band 6 images ! 103-2051 3, 1103-20520, 
1103-20^22, 1 104-205 72, 1 104-205 74, 1104-20581 acquired 3 and 4 November 1972. 


and alder (Johnson and Harlman 1969) al elevations 
greater than 240 m at the inlet mouth and at 300 m 
to 455 m further north; scrubby alpine vegetation 
occurs at somewhat higher elevations. 

Approximately 1 8,000 acres arc cultivated for ag- 
riculture in the Matanuska River valley near Palmer 
and Wasilla northeast of Knik Arm. Virtually all of 
the remaining cultivated land is located in the coastal 


li' viand area of the Kenai Peninsula and in the eastern 
portion of the Susitna River valley (U.S. Department 
of Agriculture ct al. 1968). 

Many of the natural features, major cities, towns 
and previously unmapped developments south of the 
mouth of Drift River and on the southern shore of the 
West Foreland arc identifiable on the LANDSAT-1 
image shown in Figure 5. Anchorage (1 ), the state’s 
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Figure 5. Xcrthern portion of Cook Inlet. MSS band 6 image I ! 03-2051 3, acquired 3 November 1972. 


most populated city and its center of transportation, 
commerce, recreation and industry, is situated between 
Knik (2) and Turnagain (3) Arms in the no, ’hern por- 
tion of the inlet. Fire Island (4) is located approxi- 
mately 8 km off the coast west of Point Campbell. 

The Susitna River (5) with an average discharge of 
approximately 918 m^ /sec (Wagner et al. 1969) is a 
major contributor of sediment to the inlet. Note the 
well-defined tidal channels that have formed at the 
river mouth. Chickaloon Bay (6) and other areas 
around the northern inlet have extensive tidal flats 
(7). McArthur River (8), a glacial stream originating 
in the Chigmit Mountains to the west, drains into the 
inlet in Trading Bay (9). Trading Bay is presently the 
major site of active petroleum production in the area. 


An oil reilnery and a tanker terminal are located at 
Nikiski (10), 24 km across the inlet. Kenai (1 1 ), at 
the mouth of the Kenai River, is a fishing and oil and 
gas processing center. Numerous submarine pipelines 
cross the inlet and several crude oil gathering facilities 
are located along the coast in this area. The Kenai 
Lowland (12), located east of Kenai, is a flat, glaciated 
plain marked by numerous lakes and swampy areas. 
The Kasilof River (1 3) begins at Tustumena Lake and 
discharges into the inlet approximately 21 km north- 
east of the lake. Kalgin Island (14) is located in the 
central portion of the inlet and separates two bathy- 
metric channels between Harriet Point and Kasilof. 
Near the mouth of the Drift River is a tanker terminal, 
an oil storage area and a landing sb'ip (15). Sediment 
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/ iifurt 6. Southern portion of Cook Inlet. USS hand h iniaa< ’(M-20^7'i, Oi.^tinred ■* \o\emlHr l9~2. 


patterns and oeejnit vvatcr i I6j with a low su^pcndcd 
sediment coneentralion arc disternihle in the inlet. 
Differences in concentrations aie visible baause tu 
water causes more reflection of visible liv;ht and ap- 
pears liv>hter. 

The srjulhern portion of C«»ok Inlet ;l ii;. f>) is less 
populated than the north. Nevertheless, numerous 
small towns and seltlcments are there. Ninilchif ( I ), 
Anchor Point (2) and ll«»mer |3) at the base oi the 
spit in Kachemak Uav (4) are lircaled alons; the viuth- 
ern shore. Homer, a fishing town, is olten used .is » 
haven lor cKcan vessels caught in foul weathei in the 
(lulf ol Alaska. Seldovia (3) and I nglish Has (b) are 
small fishing villages on the northern side ol the Nerui 
Range at the inlet mouth. The ( hug.ich Islands (7) 
arc clearly seen on the south side ol the Kenai Moun- 


Uins. The mountainous west shore of the inlet is 
nurked bv mans embavments; Tuvedni (8J. ( hinitna 
(‘f; and kamishak HI, bavs are the largest, f >eo!ogie 
structure on the Iniskin Peninsula (10) is recogni/al’-e 
in this image -\ugustine Island (12) is an active com- 
posite volcano istiato-volcano) with a classic conical 
shape It has a histoiv of violent eruptions topical of 
an andesitic volcano IVIkregget al. 1072). (-ape Doug 
las (I 3) is liKated on the western side of the mouth ol 
( i>ok Inlet, and between the Barien Islands <I4) and 
the kenai Peninsul.i to the north is the kennedv I n- 
tiance to the inlet. Dillerenccs in sediment concentra- 
tion are appaient • 'en clear rtceanic water on the 
east and turbid in • er on the west; the boundarv 
between these wa’.ei masses is .ipprovimatelv at mid- 
inlet. 


Geology 

The Cook Inlel boiin occupies a suuciural trough, 
is underlain by Late Paleozoic to Recent marine and 
r onmarirte sedimentary and volcanic rocks and is man- 
tled by unconsolidated deposits from five Pleistocene 
glaciations and recent deposition (Wagner ct al. 1969, 
Karlstrom 1964). Local geologic history is character- 
ized by extensive tcctonism, deposition and glaciation, 
five parallel, arcuate geosynclincs and geanticlines were 
developed during the Mesozoic in south central Alaska 
(Grantz el al. 1963). Subsequent dtastrophism further 
altered the southern Cook inlet region during the 
tocene when the subparalld Shclikof Trough was 
superimposed (Payne 1955) across the existing struc- 
tures. As much as 4500 m of sediment was deposited 
during the Eocene following this subsidence. 

The Cook Inict area is highly faulted by both major 
and minor faults. Many of the ma[or faults, such as 
the northwest dipping, reverse Bruin Bay and Castle 
Mountains faults, have offset the basal contacts be- 
tween the sedimentary rocks of the regional geosyn- 
clincs and geanticlines (Granlz ctal. 1963); smaller 
faults have offset some of the surficial deposits. The 
abrupt change from lowlands to the sleep flanks of the 
Chugach and Kenai Mountains (Fig. 4) and the rela- 
tively siraig^' trenches within the mountains arc at- 
tributed to Muhing [Miller 1958, MacKcvctt and 
Piafker 1974), 

This area is located in the trans-Pacific seismic zone 
and tcctonism cit.."acteri5tic of the regional geologic 
history continues along many faults (Evans ct al. 1972). 
The basin is included in seismic risk zone 3, defined as 
areas susceptible to earthquakes with magnitude 6.0- 
8.0 and where major structural damage coutd occur 
(Federal Field Committee 1971), Approximately 60 
earthquakes 6,0 magnitude have occurred in the area 
from 1899-1964 (Evans etal. 1972); Anchorage alone 
experienced 1 14 earthquakes from 1930 to 1954 
(Porter ct al. 1963). 

Regional geologic structures in the Cook Inlet basin 
were formed by the end of the Tertiary (Wagner ct al. 
1969). Glacjatton was extensive from the end of the 
Tertiary through the Pleistacene; five major and two 
minor glacial periods are recognized during the Quater- 
nary (Karlstrom 1964). Glacial erosion sculptured the 
surrounding mountains, and the lowlands arc blanketed 
with glacial deposits; most of the present day topogra- 
phy was formed or modified during the Pleistocene. 
Thick alluvial, glacial and eolian deposits blanket the 
Tertiary, coal-bearing, non-marine sedimeiitary bed- 
rock (Barnes 1958a) which underlies most of the low- 
lands to the north and east. The glacial deposits occur 
as extensive moraines, drumltn fields, eskers and broad 


outwash plains; marine and lacustrine deposits arc not 
as extensive (Wahrhafiig 1965). Eolian sills from the 
glacial outwash and volcanic ash mantle the original 
glacial deposits (U.S. Department of Agriculture ct al. 
1968). 

The mountains to the west are composed of large 
granitic batholiths which intrude highly deformed and 
slightly metamorphosed Paleozoic and Mesozoic sedi- 
mentary and volcanic rocks. Jurassic sedimentary rocks 
In the snuihcrn section of these mountains form hog- 
backs and cueslas dipping southward toward the inlet. 
Moutus Spurr, lliamna and Redoubt are active volcanoes 
which border the inlet (Wah.-haftig 1965). The Bruin 
Bay fault trends northeast-southwest along the west 
shore of Kamishak Bay. A large Mesozoic granitic 
balholith is located north of the fault with folded and 
faulted Mesozoic and Ccnozoic sedimentary rocks to 
the south (Wahrhafiig 1965), 

The central and western Talkcetna Mountains are 
composed mainly of mid-jurassic intrusives and Jurassic 
volcanics. The southern section is predominatly com- 
posed of Jurassic and Cretaceous sedimentary rocks 
capped by Tertiary basalt flows (Trainer 1953, 
Wahrhafiig 1965). Paleozoic and Mesozoic greenstone, 
grcywacke and argillite are dominant in the northern 
portion (Wahrhaftig 1 965). 

The Kenai and Chugach Mountains are composed 
chiefly of slightly metamorphosed Mesozoic argillite 
and grey wacke with Paleozoic and Mesozoic schist, 
greenstone, chert and limestone along the norther edge 
(Wahrhaftig 1965). Granitic intrusives are common. 
Lava flows, tuff and agglomerate are exposed along the 
western flank of both the Chugach and Kenai Mountains 
in the vicinity of Knik and Turnagain Arms (Porter et 
al. 1963). 

Climate 

The Cook Inlet area is located in a transitional zone 
between the interior, with iLs cold winters, hot sum- 
mers, low precipitation and moderate winds, and the 
maritime with cool summers, mild winters, high pre- 
cipitation and frequent storms with high winds (Evans 
et al. 1972). Factors determining local climate are 
further complicated by topography; the surrounding 
mountains greatly affect the distribution of precipita- 
tion and the prevailing wind spe^d and direction. 

Maritime characteristics predominate in the southern 
inlet region; winters are mild and summers are cool. 
Average winter temperatures in Homer are higher t.ian 
20°F (-6.8°C); summers average 5Q“F (10”C) (Fig. 7). 
Contincnuij influences become somewhat more impor- 
tant in the northern section and the seasonal tempera- 
ture range increases. In Anchorage, the average winter 
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Figure 7, Average monthly temperatures and precipitation for Anchorage, Kenai, Kasilof and Homer 
(from Monthly Reports of Climatological Data: Alaska, U.S. Dept, of Commerce, NOAA, Environ- 
mental Data Service). 


temperature is less than 1 5°F (-9.4°C), the average sum- 
mer temperature greater than 55°F (12.8°C). Tempera- 
tures at Kenai and Kasilof arc transitional between those 
at Homer and Anchorage. Temperatures can vary con- 
siderably from the mean for the various locations 
(Trainer 1953). 

Topogiaphic effects on annual precipitation are well 
illustrated by the Chugach and Kenai Mountains. The 
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mountains block the flow of moist air from the Gulf 
of Alaska, and most of the precipitation carried by 
these easterly and southeasterly winds falls on the 
eastern slopes (Fig. 8) (Schoephorster 1968). The 
mean annual precipitation in Anchorage, Kenai, 

Kasilof and Homer is therefore relatively low, 14.4, 
19.2, 16.4 and 22.1 in., respectively (Fig. 7). Depar- 
tures from the mean annual precipitation in these areas, 
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Figure 8. Mean annual precipitation in inches (adapted from Feulner 
etal. 1971). 


Table V. Average cloud cover for Anchorage from sun- 
rise to sunset, 1962-71 (from Monthly Reports of Cli- 
matological Data: Alaska, U.S. Dept, of Commerce, 
NOAA, Environmental Data Service). 

Cloud Years of 


Month cover record 


Jan 

6.0 

9 

Feb 

7.7 

10 

Mar 

6.8 

9 

Apr 

7.3 

10 

May 

7.3 


Jun 

8.2 

9 

Jul 

7.7 


Aug 

8.1 


Sep 

7.7 

10 

Oct 

7.5 


Nov 

6.6 


Dec 

6.7 

9 


Annual cloud cover average for seven years 
record: 7.3 


however, can be as much as Va of the local mean (Train- 
er 1953). Fifty percent of the annual precipitation for 
the period 1962-1971 fell from July through October. 
The driest period during the same 10 years, when about 
20% of the r'rccipitation fell, was January through May 
(Fig. 7). 

Annual precipitation in the western portion of the 
basin is considerably greater and more consistent 
(Schocphorsler 1968). Moist southerly winds are di- 
rected up the inlet between the bordering eastern and 
western mountains where the sheltering effect of the 
Chugach and Kcnai Mountains is reduced. Iniskin, lo- 
cated on the north shore of Kamishak Bay, records an 
average annual precipitation of 73.2 in. and an average 
annual snowfall of almost 1 88 in. The average snow- 
falls in Homer and Kenai arc only 53 and 69 in., respec- 
tively (Wagner et al. 1969). 

Complete cloud cover data are available or.iy for the 
Anchorage area (Table V). Average cloud cover is low- 
est during late full and early winter with very little 
variation throughout the year. 

Detailed wind speed and direction data for the region 
arc limited to Anchorage. Although the data are not 
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rcprcicnuiivc through«Hii ihi; baitin but indicatv rv- 
ttiunal Uvnds, fvvcral Kcnerali/jtions can be made. The 
eastern and western mountains bU>ck the winds from 
these directions; predominant winds are those funnelcd 
through the basin from the north oi ^ -th. i «»rty-iwo 
percent of the prevailing winds in Anchorage are north- 
erly (NNW-NNE) and 42% arc southerly (SSW-SSL} 
(Marine Advisers 1964). High veluciiy winds occur 
throughout the basin when an atmospheric pressure 
gradient is established over the entire inlet; the winds 
arc localized when the gradient is established ihroijgh 
any of the adjacent passes (Marine Advisers 1964). 
Strong gusts occur occasionally but the average wind 
speeds a> c low. Prevailing winds in December and Jan- 
uary are northerly and have the lowest average wind 
speed. Southerly winds which prevail in May and June 
have the highest average velocity. Average daytime 
winds are approximately 10 to 20% greater than night- 
time winds (Marine Advisers 1964). Katabatic (down- 
slope) winds occur periodically and arc caused by cold 
air moving downslope from highland glaciers through 
adjacent valleys into the basin (Porter cl at. 1963, 1964). 
These winds are strongest when the temperature differ- 
ences between the land and the inict water are greatest 
(Marine Advisers 1964). 

The following climatic gcncrali/ations can be made 
based on the previous discussion; January tempera- 
tures arc warmer and July temperatures cooler toward 
the southern portion of the Inlet; total annual precipi- 
tation increases toward the inlet mouth (Evans et al. 
1972); winds are strongly influenced by the surround- 
ing mountainous terrain though the prevailing winds 
are from the north in fall, winter and H>ring, and from 
the south in summer (Wagner ct al. 1969). 

Hydrolofy 

Approximate values*" for the average annual discharge 
and the drainage areas for several of the major rivers and 
streams flowing into Cook Inlet arc given in Table VI. 
Many streams with tributaries primarily in the moun- 
t»ns display similar yearly discharge cycles^ The tem- 
peratures in the mountains are generally below freezing 
from October to May and most precipitation falls as 
snow during these months. The low flow period for 
these steams is in February and March ;streamflow is 
mainly sustained by seepage of water into the stream 
from surrounding bedrock and afluvium (Barnwell ct al. 
1972). As average monthly tempe< 4 'Ure$ rise above 


* Vi^tm ere appmxtntate because the gaging stations 
(in parenthesis) are lauf^iy toegtedupstream from the 
fiver mpudt. 


freezing, uie stream Mow Ruciuates willi the melting 
of the glacial ice and snow. Rapid melting generally 
begins in May and most of the snow is gone by Au- 
gust (Rosenberg ct al. 1967). Streamilow is high from 
mid-July through August because precipitation is gen- 
erally at its annual peak. The discharge of most 
streams increases 2-4 times in July and the suspended 
sediment concentrations generally increase equally. 

The only .-xceplions are Glacier Creek al Girdwood, 
where »he highest suspended sediment concentrations 
(18S0 mg/I) occur in October, and Little Susitna River 
at Palmer, where highest concentrations (102 mg/1) 
occur in June (U.S. Geological Survey 1971 ).t Pre- 
cipitation an I temperature decrease in the subsequent 
months, repeating the cycle (Barnwell ct al. 1972). 

The precipitation-runoff cycle for rivers with large 
pcirtions of the watershed in lowlands are different be- 
cause these Streams lose water to groundwater while 
flowing across the permeable glacial and alluvial de- 
posits in the lowlands, and because there is less pre- 
cipitation in the lowlands than in the mountains 
(BarnwcM cl al, 1972). As a result, streams with ex- 
tensive lowland drainage exhibit low discharge rates, 
while streams with a large percentage of mountainous 
drainage area have high discharge rates (Fculncr ct al. 
1971). The Chester and Cottonwood Creek water- 
sheds are located compicteiy in the permeable low- 
lands around Knik Arm. The average monthly dis- 
charges of these streams are virtually constant, devi- 
ating slightly from an annual average of 22 and 1 6 / 

sec, respectively (Marine Advisers 1965). 

The Matanuska, Knik, and Susilna Rivers contribute 
approximately 70% of the frc;di water discharged annu- 
ally into the inlet (Table VI). These rivers originate in 
glaciers and conscqucniiy show large seasonal fluctua- 
tions in discharge (Rosenberg ct al. 1967). The Knik 
River, for example, has a peak flow in July of 7400- 
2700 ft* /see and a minimum disctiajge in March of 
454 ft*/sec (Murphy ct al. 1972). Much of the sus- 
pended sediment in these rivers originates at higher 
altitudes as glacial flour or by freezing and Uu^wing 
of bedrock and unconsolidated material.** Additional 
sediment is produced by man's activities, i.c. industry, 
mining, highway and urban development and farming. 

Suspended sediment data for Alaskan streams arc 
sparse and derived from scattered analyses. However, 
the following generalizations arc valid (Feutner ctal. 
1971). In south-central Alaska, nonglactal streams 


t These exceptions may reflect incomplete yearly data, 
** Most information on suspended sediment loads from 
Peuiner et aL (1971). 
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Table VI. Drainage area and average annual discharge of rivers flowing into Cook Inlet. 
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transoort less than 100 mg/I suspended sediment during 
the Slimmer; glacial streams carry as much as 2,000 
mg/I. Nonglacial streams often transport their highest 
concentrations during spring melt or heavy rainfall, 
whereas glacial streams carry their highest concentration 
at times of high melt water discharge in middle or late 
summer (Fig. 9). Less than 1 S% of the annual sedi- 
ment load is carried during fall and winter when con- 
centrations arc < 20 mg/I. Less than 50% of the ma- 
terial transported by both glacial and nonglacial streams 
is finer than 0.062 mm (the silt-clay fraction). The 
percentage of fine material increases appreciably, how- 
ever, if a glacial stream flows through a lake. Many 
large streams form from glacial and nonglacial tribu- 


taries and transport suspended sediment that reflects 
this bimodal origin in size distribution and concentra- 
tion. 

Glacial streams in the Matanuska-Susitna area 
normally contain as much as 2,000 mg/I suspended 
sediment during the summer while nonglacial streams 
generally contain about 50 mg/I. The rivers entering 
Knik Arm innually discharge 13-19 million tons of 
sediment, primarily in the summer (Rosenberg ct al. 
1967). Normal summer suspended sediment concen- 
trations for the following streams in the Anchorage 
area are: Ship Creek, 1 5 mg/I; Campbell Creek, 5 
mg/I; and Chester Creek, 25 mg/I. The concentra- 
tions in Campbell and Chester Creeks increase 
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Figure 9. Re!tj:ive suspended sediment load vs time of year for stream 
type (from Feulner et al. 1971). 


downstream to 45 mg/I and nearly 200 mg/t, respec- 
tively. In contrast, suspended sediment content in Ship 
Creek shows minor increase downstream where urban 
development has reduced the amount of erodible land. 
Turnagain Arm southeast of Anchorage receives approx- 
imately 2.S million tons of sediment annually from 
surrounding rivers (Childers 1968). Most of the streams 
in the Kenai area head at glaciers and contain as much 
as 500 mg/I during a normal summer; nonglacial streams 
contain < 50 mg/I; during the winter most streams 
transport < 30 mg/I. Concentrations of several non- 
glacial streams in the Homer-Ninilchik area are as high 
as 100 mg/I during the summer. 

Local industry and population density 

Virtually one-half of the 302,173 people (1970 cen- 
sus) in Alaska reside in the Cook Inlet basin (Feulner 
et al. 1971, Selkregg et al. 1972). Most of those are 
located in the A'ichorage metropolitan aiea, in the 
smaller cities <ind towns bordering Knik and Turnagain 
Arms and along the southeastern shore; scattered vil- 
lages are located on the northwestern coast. Commer- 
cial activities associated with the main industries in the 
basin — petroleum exploration and production, fishing, 


transportation, recreation, tourism, timber and agri- 
culture - are centered in these populated areas. These 
industries are the major competitors for utilization of 
the natural resources in the region. 

Petroleum and gas exploration and production are 
presently the primary economic activities in the basin 
(Evans et al. 1972). The raoid growth of the Kenai- 
Nikiski region, for example, is attributed to the dis- 
covery of petroleum in the Swanson River area in 
1957 and the subsequent development of petroleum 
production facilities (Wagner et al. 1969). Figure 10 
shows currently producing petroleum fields within 
the basin. Oil fields are: Granite Point (1 ), Trading 
Bay (2), McArthur River (oil and gas) (3), Middle 
Ground Shoal (4), Redoubt Shoal (5) and Swanson 
River (oil and gas) (6). Gas fields are: North Cook 
Inlet (7), North Middle Ground Shoal (8), Falls Creek 
(9), Ivan River (10), Beluga River (11), Moquamkie 
(12), Nicolai Creek (1 3), Albert Kaloa (14), West 
Foreland (1 5), Birch Hill (16), Beaver Creek (17), 

West Fork (18), Sterling (19), Kenai (20) and North 
Fork (21 ). Petroleum facilities presently located 
within ttie basin include 14 offshore platforms (Fig. 

1 1 ), off- and on-shore gas and oil pipelines tank farms. 
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Figure JO, Producing oil and gas fields in the Cook Inlet basin (after Evans et al. 1972). 


gathering facilities, refineries, pctruchemical plants and In view of present acute energy requirements, rapid 
tanker terminals. development of these resources and subsequent in- 

Thc estimated petroleum and gas reserves of the dustrial expansion along the coast are inevitable (0/7 

Cook Inlet area are 7.9 billion barrels (bbl) and 14.6 and Gas Journal 1974a and b). 

trillion ft^, respectively (Crick 1971 ). Coa! deposits in Commcrical fishing activities are concentrated in 

the Beluga River region north of Trading Bay are esti- the lower inlet south of the forelands. The economies 

matea at more than 2.3 billion tons, equivalent to of Kasilof, Ninilchik, Anchor Point, Homer and Sel- 

approximatcly 7 billion bbl of oil (Evans et al. 1972). dovia are based upon commercial fishing of salmon, 
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a. l*ljtturm lot. at tom in Cook Inlet. 


h. Granite Point Platform Anna during combined drilling 
and producing operations (from Owens and Allard 1970). 


Figure 1 1. Off-shore platforms. 


Marine transportation and shipping is also an impor- 
unt regional industry. Evans et al. (1972) report the 
categories of marine shipping and traffic within the in- 
let and indicate continued growth of this industry as 
the entire region develops. Major ports or terminals 
around the inlet arc located at Anchorage, Drift River 



crabs and shrimp (Wagner et al. 1 969). Fish canneries 
are located in Kenai, Homer, Seldovia, Ninilchik and 
Anchorage. Present projections indicate that the Cook 
Inlet commercial fishery could continue to produce 
indefinitely under proper management (Evans et al. 
1972). 
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Ih.iuuh timlier harsestinjt potential isuieat attoidin); 
to i*osernment souites. lulure produttion ssill pi th ihls 
decrease due t<i the U>i* i(raJe ot the reviutte and mar- 
ketini; problems Ihere are prest ntls plans to harsest 
timber m the I soriek area. A thip mill ti piotess 
diseased spruce a id a dotk tor shipment from the North 
f rireland arc planned bs the Japanese firm, Kodiak I um- 
ber t 1 . 

-\i»ritulture in the inlet basin is concentrated in the 
Matanuska Riser salle\ and the kenai Losslaiid close 
to kachemais Has (U.S Department ol \>*riculture el 
al lybS). [he pritducts aie c'-'nsumed primarils in the 
rt inal market and used as feed for the local beef 
herds; future agricultural ^rossih is direclls related to 
the increase in local population. 

Sources of estuarine pollution 

The effects on the inlet ensironmeni likels to result 
from future development must be assessed in order to 
formulate a rational coastal manai;ement plan for the 
Cook Inlet region. The present tspes and amounts of 
pollutants in the inlet vsili inciease; therefore, it is 
important to evaluate the dispersion and Hushing capa- 
hiliis of the estuary at an earls date. Glacial sediment 
is currently the dominant pollutant in the inlet. The 
knik, Matanuska, Susiina, Beluga, Mc Arthur, Drill and 
Tuxedni Rivers presently contribute the most sediment 
to the inlet; future development in these watersheds 
will increase the annual deposition throughout the in- 
let. 

The coastal towns are additional sources ot pollu- 
tants. With completion of the Asplund \\ der Pollution 


( iiiitrol I atilits the H-vsag< from tfie (iiealer Ancfior- 
age Area Borough is tri'ated prior to being discfiaiged 
into the inlet iieai 1‘oinl ttoion/of. I his proiecl is tfie 
-ngle most mifiofl.ini ensironmental piotectiori meas- 
ure so tai undertaken in the Anchorage area (Alaska 
( onstruction and t )il 1H73,‘, I tie remaining cities 
and villages, hovsevei, discfiarge untreated sewage and 
fish |iro».e\Mng waste directiv into the inlet. 

1*1 ttoleum pollution originates Iron) numerous 
viortes oil (iioducing offshore wells, tfie Drift River, 
Airless .ind Nikiski tanker terminals, submaiine and 
coastal pipelines, gathering and handling facilities 
along the coast, and wastewater eftluent from petro- 
leum refineries. \p|iroximalelv ‘f5(X)-175S(l bhi \r 
or 0..V kinnev el al. IM7Uai ot tfie total crude oil 
pioduci d IS accideritally s|iilled, but to dale, the 
spills have not been notieeablv detrimental to the 
i.oasial areas. I rom | nuarv through -\pril 1972, five 
spills oveuried in tfie inlet as a result ol accidental 
disconnections at tanker terminals. Tvidence ol tJiese 
spills had disappeared in three to lour days (Lvans 
et al. 1972;. I his is tv pical, due to ih,; high turbulence 
and mixing. Oil spills rarely reach shore; they simply 
evaporate and disperse as they move up and down the 
inlet wiili tile exceptionally high tidal fluctuations. 

Petrochemicals from the liituilied natural gas plant 
and lire ammonia plant at Nikiski presently are dis- 
charged directly into the inlet. However, the effluent 
outfalls from these plants are located in a region of 
high turbulence, and dilution ol these wastes is rapid 
|i ig. 39/. As a result, concentrations remain below 
harmful levels even during the winter months when 
fresh water runoff is low (Rosenberg el al. 1967). 

RESULTS AND DISCUSSION 

Cook Inlet is an estuary as defined by Pritchard 
(19b7; p. 3): “a semi-enclosed coastal body of water 
which has a free connection with the open sea and with- 
in which sea water is measurably diluted with fresh 
water derived from land drainage." Estuaries are 
classified according to their relative water balance, 
dominant physical processes of mixing, and physical 
characteristics. CtMik Inlet is considered a positive, 
tidal estuary formed by tectonic processes, based on 
criteria tor various estuarv classes. This estuary is 
characterized by more r unoff and precipitation than 
evaporation, resulting in dilution of sea water by fresh 
water. It is dominated by tidal action with strong tidal 
currents and mixing and was foi med by faulting and 
local subsidence. 
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Cuasul configuration 

The coast from the head of Kachemak Bay to 
Turnagain Arm is characterized by sea cliffs and 
pocket beaches (refer to Fig. 4, 5 and 6) which gen- 
erally contain sand and/or coarser sediment; finer 
grained material is present along lower energy coasts. 
An extensive coastal plain borders a low-lying, marshy 
coastline, with scattered sea cliffs along the north- 
west and west shore from Point WacKcn/ie to Harriet 
Point. Steep mountains slope directly into the inlet 
in most locations from Harriet Point to Cape Douglas. 
Bayhead beaches have formed in many of the small 
embayments and sea cliffs arc found on the promon- 
tories along this coast. Tidal flats border much of 
the coast but are prevalent in the northern inlet. 

The high sediment load in glacial rivers is the pri- 
mary source of material for the tidal flats in the 
upper inlet. LANDSAT-1 MSS band 5 and 7 images 


were found to be ideal lor a regional analysis ol these 
tidal flats. However, to facilitate visualizing the re- 
lationships of these features throughout the inlet, the 
locations of the tidal flats were superimposed on the 
hand 6 mosaic and ma> not be easily distinguished in 
this representation (Tig. 12). Thus, the legend on 
this figure may seem tnisicading. The extensive tidal 
flats are shown as white areas, and river plumes are 
outlined by while lines. The most extensive flats 
arc north of the forelands. In the lower inlet tidal 
flats usually occur as bavhead bars in embayments 
along the western shore and northeast of Homer in 
Kachemak Bay. Strong, variable tidal currents cause 
significant changes in tidal flat configuration; migra- 
tion of some of the major tidal channels in Knik and 
Turnagain Arms can be substantiated by comparing 
Figure 1 2 with the National Ocean Survey Naviga- 
tional Chart 8553. 
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f iqure 13. ''• n^rtth/ed bathymetry of Cooh Inlet (trom bharma and burrell 1970). 


Bjth>mclry 

Bottom topo^^aph> isextrt*mcl> rugged with man\ 
deep areas arsd shoais |i tg. 1 3). Fhc depths m the upper 
inlet north ut the forelands arc gcrHrrallv less than 20 
fathoms: the deepest portion is located in Trading Bas 
cast of the mouth ot the McArthur Kiver. Turnagain 
and Knik Arms are the shallowest areas with much of 
the bottom exposed at low tide. South of the fare- 
lands, two channels, one between Kalgin Island and 
Harriet Point and the other between Kalgin Island and 
the east shore, extend southward in the inlet and |oin 
in an area west of Cape Ninilchik. The deepest portion 
of the western channel is greater than 40 fathoms. The 
eastern channel is deepest, 75 fathoms, just south of a 


line between the forelands. It rapidiv shoals to approxi- 
mately 30 fathoms until it merges with the western 
branch. South of the Cape, the channel gradually deep- 
ens to approximatelv 80 fathoms and widens to extend 
across the mouth of the inlet between Cape Douglas 
and Cape t li/abeth. 

The following reports contain more detailed bath- 
ymetric data. Rosenberg ct al. (1967) presented a 
bathymetric profile of the inlet from Beshta Bay, just 
north of (iranitc Point, across to the bay 2 miles south 
of the mouth of the Swanson River. Kinney' et al. 

(1 970b) prepared eight cast-west profiles from the in- 
let mouth to the forelands, five north-south profiles 
from the forelands to Point Possession, one longitudinal 
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(Mtjtilc i(.>m itu- miMith nt ihi SuMitu Kivct tn I a^k 
Uj\ Kntk \rm and om loMKituJinal section Ironi 
fThd ifili t tvm r; the lorclafuls to east of the Susitria 
Ka' ' ’Ti.iinli \'mstf>iu! Vssotiatfs picpjied 

" ' V I’.iif s ri'i tr A wf ' *>s sovli' ms alonj* I uf na)(ain /V m 
'f ‘1 ih’ (.nil Kn.» ifea in t Hides cast of < tiidssiMjd. 

M . ifii ondaled’ prepared a hottom piolile 

jrd '' id ! . '•h tt ij. Mup lor ifi, jrea Irom !'telut;a to 

f'.p, • < jrlMin and tkhlJo- I iy7J‘ presented a 
:i'«. map the inlet in the Anchoraije area 
ar'd pl. Piled i 1 t'«»ss -H'ctions tor saiioos stations alon^ 

I i>.K Inii t .irul KniC -Vm. 

Hottom M.-vfinierit dtslrihulion is delcfrnined h\ tidal 
Kt •!'! h\do.;;'jpfu , t\pe o' mjterijl, ice rafting and 
o. >u< Tt', 1. .t;» aph\ (V\aener et al. 1 ‘W>y). Bottom 
diH'.e'i*' i.'T tru inlet base been divided into thrc“e 
4 !..iiP' p>p Itii basis oi ktiam si/e 1 1 sand which pre- 
J imiraie-. m the upper iidet, Ji sands ijravel with 
•1 s.:t and elas m the middle inlet, and dl i;ravells 
vjiM ir,d mmol interspersed silt and clav in the lower 
Hiel ShaiHij ar.d Burrell I‘f70|. 

I iiles 

Uu tides m ( o'lk Inlet a'e mixed wiih two unequal 
*iA;b ■ des and two unequal low tides per tidal dav 1 24 
hours so minutes I , hii{h tide occurs appi'iximateiy 4.5 
b.ni s later at Xnchoraiie l.han at the inlet mouth. The 
'•esuds oi a v.ii lable boundais numerical tidal model 
siudv Muniuiii and Matthews 1970) show that the tidal 
•eaiHie divides the mlet mlo iwoic*vjions separated b\ the 
■p-r elands I des ai the south show thuraeteristics ot a 
pt.,^r._.ssAC keivin wave < o-i jiiae lines lie alonji the 
• latfi oi the .r’lei with higher amplitudes on the east 
I 'a ! t . ( I tidal lines lie perpendicular to co-ramje 
'in s .md slope upwards to the 'lehi, indicating that the 
wave s not enlircK pro>>resave but lend' toward a 
miv.d ..pe. It the tides in the south behaved asa 
standing wave there would ix .iii increase in tidal ranuc 
aorna north to the lo« elands, however, this is not the 
east 1 nes heinv; nearlv peipendicuiai indicate that 
triclMii between the not tom ar.if the moving; water 
column :s pionably not an important tactor in most of 
IhestHjthern inlet. Northern mlet tides appeal more 
like the conventional standin'^ waves. Ci>*tidal and co- 
ranije lines arc not perpendicu'ar, indicatinv; that friction 
IS mcreasinaU important aoing north (decrcasiitR depihs|. 
■Viso, the dittcrence in tidal range across the inlet de- 
creases going mjrth because the phase difference be- 
tween maximum tidal height and maximum current 
approaches 90 . thcreture, it slack water occurs at maxi- 
mum tide, no (.oriulis force exists and no slope of the 
water surface exists across the inlet at that instant. 

Figure 14 also indicates that the tidal wave speed in- 
creases alo'", the western inlet north of the Tuxedni 
Channel due to inc .. "d depth (less friction). 


Asymmetry of tidal flow/'Juration 
across inlet 

Mean diurnal tide range varies Irum 4.2 m at the 
mouth to 9.0 m at Anchorage It varies within the 
lower portion tri the inlet trom 5.8 m on the cast 
side to 5.1 .m on the west (Wagner el al. 1969, Carlson 
1970). I he extreme tidal range produces ci^^rcnts 
typically 4 knots and uccasiunally 6 to 8 knots (Morrer 
1 967 1. I he dif lercnces between the times of high tide 
and times ot maximum flow at various locations are 
sliown in I igure I 5. 1he high Coriolis force at this 
latitude, the strong tidal currents and the inlet geom- 
etry produce considerable cross currents and turbu- 
lence within the water column during both ebb and 
lloixl (Burrell and Hood 1967). The velrrcily and 
duration ol tidal currents is also significantly different 
acioss the inlet. Tidal tables indicate that flood tide 
lasts tor approximately five hours with current veloci- 
ties from 3 to 5 knots at kasilof ; ebb lasts for about 
thief hours and velocities are generally less than 3 
knots, f he reverse is typical along the west side near 
Tuxedni. The tides arc highly effective in expanding 
the dilution volume of the water by providing new 
water at an outfall and by increasing turbulence which 
increases dilution. Turbulence is especially strong along 
lb-.* eastern shore due to the high tidal range. 

Suspended sediment distribution and 
circulation 

Satellite and aircraft imagery interpretations. Tur- 
bid fresh water discharging into the inlet, especially 
from the north and west, produces sediment plumes 
which appear lighter in lone than the less turbid water 
in LANDSAT-1 MSS band 4 and 5 images. The sus- 
pended sediment in the fresh water functions as a 
natural iracei, marking water masses and making sedi- 
ment distribution and current patterns visible. The 
transport and extent of surface plumes arc influenced 
by river runoff, wind, tide, Coriolis force, centrifugal 
force and local topography. Oualilativc descriptions 
ol surface flow near river mouths can be made, based 
on the shape of fresh water plumes and on mixing 
patterns observed on airciaft and satellite imagery. 
Figure 16, a LANDSAT-1 image acquired on 7 Au- 
gust 1972, shows the sediment plumes from the Drift 
(3) and Big (4) Rivers during flood tide al Scldovia. 

The shape and location of the plumes arc convenient 
mai kers to determine current directions along the 
west shore between McArthur River (1 ) and Tuxedni 
Bay (2). The plumes arc clearly moving in a northerly 
direction. Relict sediment plumes from earlier tidal 
stages, visible far offshore, indicate water movement 
through several tide cycles. Relative differences in 
sediment concentration of the inlet water can also be 
distinguished. The darker tones apparent farther from 
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Figure 14. Co-tidal and co-range lines (from Mungall and Matthew 
1970). 


shore indicate that the water is less turbid. Tidal flats River tanker terminal during laic flood stage at Scldovia, 

(5) appear as a gray border along the coastline. Mt. approximately the same tidal stage as shown in Figure 

Spurr (6), one of the many volcanoes in the Chigmit 16. The tidal range at this location generally varies 

Mountains, Lake Chakachamna (7) and numerous gla- from 3-6 m and surface current velocities are 1-3 knots, 

ciers (8) are also visible. Currents at depths of 8 and 1 5 m are generally lower 

Figure 1 7, an airphoto, shows the movement of but periodically reach velocities equal to those at the 

ncar-surface and surface water in the area of the Drift surface (Marine Advisers 1966a). Turbid fresh water 
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'15. Difference betvic.'n time of high tide and maximum flow (adapted 
• »m Carlson and Hehihe 1972). 


from the Drif t (1 ) and Big (21 Rivers forms a distinct 
surface layer riding over and mixing with the saline in- 
let water (8). Turbulence caused by local tidal and 
wind currents produces the m'xing as the fresh water 
is diverted to the north by '.ne flood tide. Several 
mixing boundaries are evident between sediment-laden 


a 'u - • er, ixeanic water. Turbid water (5) from the 
> * 4 iidl> mixes with the less turbid c'ccanic water 
(8) to form different water types of variable tempera- 
tures, salinities and sediment concentrations (6, 7) 
within the mixing /one. More complete niixing has 
occurred in the southern portion of the area and the 
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/ 7 , t lb. it •th'ire ut Loan Irtlct hctwft'/i ' h \nhur Knvr and f uxedtu Hay. MSS band ^ imaae 
1“1 S-21022. aiqumd ’ \uqu\t 19~2. 


Drift Kivcr plume hjs mi^rjlcd frr»m the yruth during 
llijod tide. The Unkcr at the terminal |4) roiled the 
more buu\ ant irLsh '-.atei and btouitht deep, cleat 
water up to the surface (dark area ot clear water off 
the ship' stern). The surface foam lines (9| ate com- 
mon where J’fferent water types converge and mix. 
Internal w es (linear patterns) near density bounda 
rics are a > immon in these locations and arc c>hviuus 
srautheas. o e tanker terminal. C mparc the detail 
of tidal fia. (3) to that observed on the LANDSAT 
image in I igure 16. 

RS-14 Scanner imagery of the Drift River ’'ea (Ltne 
>4, 1 .. Appendix) has limited use; the gain conlroi on 
the instrument was changed and surface water detail 
lost. The tanker terminal appears as a warm (light) spot 


surrounded by cold (dark) water. The cold water dis- 
charging Irom the Drift River is faintly visible; it forms 
a triangular plume with the apex at the river mouth. 

Cold water from Uig River moves north, staying close 
to s 'ore while mixing with warmer water farther off- 
siioie. The Big River plume remains distinctly cold 
fr oproximately 2 to 3 km oftshorc before mixing 
•. warmer water. Comparisons to the NP-3A pho- 
i«>„.aphy (1 ig. 17) indicate that the coldest portion of 
the fresh water plume exists nearest the river mouth 
where mixing is minimal. 

The plume from the McArthur river in Trading Bay 
(Line 53) is clearly colder than the surrounding inlet 
water. In this location the currents appear to be moving 
in two directions, nearshore currents moving north and 
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Figure 1 7. Drift and Big Rivers area during 
flood tide (NASA NP-3A photographs). 


currents approximately 4 km offshore moving south 
past the oil platforms. On the Ice side of the platforms 
is a distinct mixing zone between cold river and bottom 
water and warm inlet water (more apparent in CIR pho- 
tography). Between the North Foreland and the 
Susitna River on the northwest shore (line 54), near- 
shore northerly currents and offshore southerly rurients 
are distinct. Complicated mixing patterns occur off the 


Susitna River mouth, and a shear zone between oppo- 
site moving currents is discernible. Mixing between 
Point Possession and Boulder Point (line 56) about 
48 km southwest of Anchorage shows a "feathcred- 
edge” pattern, an indication of a high mixing area 
which occurs along most of the southeastern shore 
of Cook Inlet. 

Sediment plume patterns of the Big (5) and Drift 
(6) Rivers on 10 September 1972 (Fig. 18) show a 
southerly direction of nearshore currents in Redoubt 
Bay (7) during ebb tide at Anchorage and flood in 
Seldovia. The shapes of the sediment plumes of the 
Kenai (15 and Kasilof (14) Rivers also indicate a 
southern current along the east shore. The plume 
shapes suggest that the ebb flow dominated the mid- 
inlet area at this time. Sediment laden water from the 
Tuxedni River (12) is being transported along the 
coast in a southerly direction between Chisik Island 
(1 3) and the mainland. Other featuics of interest in 
this scene are: the snowcapped Kenai Mountains (1 ), 
the Kenai Lov/land (2), the East (3) and West (4) 
Forelands, a sediment pattern indicating a counter- 
clockwise current (8) around Kalgin Island (9), tidal 
flats (10), Harriet Point (1 1 ), and turbid Lake Tustu- 
mcna (16). 

LANDSAT imagery acquired approximately one 
year later than that shown in Figure 1 8 shows changes 
in sediment distribution during different tides. Sedi- 
ment patterns in Figure 19 were observed along the 
cast shore on 17 August 1973 during early Hood in 
Seldovia and early ebb in Anchorage. The shapes of 
the plumes from the Kenai (2) and Kasilof (3) Rivers 
suggest southerly moving nearshore currents. Note 
that the water from the Kasilof River is more turbid 
than that of the Kenai. The Kasilof originates in 
Tustumcna Lake (6 in Fig. 20) which has a higher 
suspended sediment concentration than Skilak Lake 
(7 in Fig. 20), the source of the Kenai River. Turbid 
water (4) extends as far south as Cape Starichkof 
approximately 18 km soutii of Ninilchik. Meltwater 
from the Fox River at the head of Kachemak Bay (1 ) 
appears concentrated along the north side; clear oceanic 
water occupies the southern portion. 

Suspended sediment distributions at the same loca- 
tions on 22 September 1973 (Fig. 20) indicate that the 
nearshore currents were moving north during high tide 
at Seldovia and early ebb at Anchorage when the 
image was acquired. Notice the change in the shape 
of the sediment plumes from the Kenai (2) and Kasilof 
(3) Rivers. The high turbidity of the water (4) south 
of the Kasilof River mouth may be caused primarily by 
bottom scouring of the shoals along this coast. Scour- 
ing was observed near Moose Point (5) on aircraft 
photography. Sediment patterns in Kachemak Bay (1 ) 
are similar to those observed in Figure 19. 
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Figure 18. Central portion of Cook Inlet. MSS band 5 image 1049 20512, acquired 10 September 1972. 


easterly dircc»ion (6) and reinforcing the northward sur 
face currents. 

RS-14 imagery of this area (line 59; in App.) shows 
that the Kenai River water is slightly warmer than the 
surrounding inlet water on 22 July 1972. This may 
be due to healing as the river flows 48 km across the 
Kenai Lowland and/or to the introduction of warm 
wastes from the city of Kenai. Most pollutants intro- 
duced into the inlet at Kenai would be well mixed and 
rapidly dissipated because of the frequent changes in 
nearshore currents with each tidal cycle. 

Relative differences in the suspended sediment con- 
centrations of the surface water in Kachemak Bay (1 ) 
arc shown in Figures 19 and 20. Kachemak Bay has 
been divided based on topography. The outer bay is 
from a line between Anchor Point and Point Bede (on 
western tip of Kenai Peninsula) to a line from Homer 


Figure 21 shows the Kenai-Kasilof Rivers area during 
high tide at Seldovia and early flood at Anchorage on 
22 July 1972. Plume shapes from the Kenai (1) and 
Kasilof (2) Rivers arc similar to those on LANDSAT 
image 1426-20444 (Fig. 20). The plumes (3) from 
these rivers and the streaks (5) of sediment formed 
behind submerged rocks suggest northerly moving near- 
shore water (4). These streaks in the water arc probably 
a result of bottom scouring on the lee side of rocks 
(much of this area is < 4 fathoms). Differences in the 
turbidity of water in the mixing /one within the river 
plumes, foam lines along contacts between water of 
different densities, and internal waves along density 
boundaries were also present at the time of image ac- 
quisition. Local cunents arc strong and clearer saline 
water appears to intrude into the Kenai River. Note 
also that wmd-gcncratcd waves are moving in a north- 
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Fiqure 1 9. Southeastern Cook Inlet. MSS band 5 image 1 3W-20452, aiguired 1 7 August 1973; early ebb 
at Anchorage, early flood at Seldovia. 


Spit south to Ldncdshirc Rocks. The inner bdy is from ccunterdockwisc dround the bd\ and carries the tur- 

this Homer Spit line to the mouth of the f ox Rivet bid meltwater discharged (rom the glaciers in the 

(Knull and Williamson 1969). Suspended sediment load Kenai Mountains along the north shore. F lood tide 
appears higher in the water on the north side of the currents move northeasterly along the south coast ol 

inner bay; less turbid water is found along the south the bay at 1-2 knots; ebb Mows are variable in velocity 

coast. The orientation of spits and bars along the south and direction from southwesterly to westerly (U.S. 
shore indicates that the predominant direction of flow Department of Comme: ..c 1964). The light tone of 
for nearshore water is northeasterly. These LANDSAT the water along the north shore may be partially due 

scenes were acquired during flood tide or high slack to bottom effects. The water depth here is variable 

water in Seldovia and suggest that clear oceanic water from ^ 1 to 12 m and bottom reflection may be sig- 

intrudes into this bay along the south shore due to nificant, especially in F igurc 20 which is a band 4 

Coriolis effect. Currents past the mouth ol the bay image; the amount of water penetration is greatest in 

during flood tide were estimated at 5 knots (Kull and band 4. 

Williamson 1969). The nearshore circulation continues 
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Fitfure 20. Southeastern Cook Inlet. hand 4 image 1426-20444, acquired 22 Septeniher 1973; 
earh ehh at Anchorage, high water at Seldoeia. 


I igurc 22 shows the area around Homer Spit (1 ) in with streaks ot windrows oriented approximately 
Kachemak Ba> during (food tide at Seldovia on 22 |uly parallel to the wind (Scott and Stewart 1968). This 

1972. Turbid water (3) from the meltwater streams ot circulation tends to dampen the roughness due toother 

the Wosnesenski and Doroshin Glaciers on the south factors. The distribution of surface sediment in inner 

shore moves across the bay, mixes with less turbid Kachemak Bay (6) as observed on these medium alti- 

oceanic water (7) and forms water of variable turbidity tude aircraft photographs verifies the observations 

(4) within the mixing /one. A similar pattern is evident made on the LANDSAT imagery that higher sediment 

near Homer Spit in Figure 20. The glacial meltwater concentrations occur along the north side, 

moves on the surface of the oceanic water which is I igurc 1 2 shows the location of sediment plumes 

brought up from below by the mixing action (5) of the from some of the major rivers entering the inlet on 3 
boat southwest of the spit. The dark bands (2) in the and 4 November 1972. Although the Knik and Mata- 

area of sun glint show areas where the wa'er surface nuska Rivers at the head o' Knik Arm contribute most 

roughness has beeT reduced. This may reflect internal of the sediment deposited in the iiaet (Wagner ct al. 

vertical circulation (Langmuir circulation) associated 1969) these rivers do not produce distinct sediment 
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Figure 21. Kenai-Kasilof Rivers area during early flood 
at Anchorage, high tide ai Seldovia (NASA NP-3. t photo- 
graphs). 


plumes on these dates. The river-borne sediment is 
dispersed so quickly in this high energ> area and the 
sediment concentration of the inlet water is so high 
(approximately 1 350 mg/I, from Kinney et al. 1970b) 
at this location that a distinct plume is not visible. The 
Susitna River, another major sediment contributor, has 
only a small plume because the river discharge is reduced 
during the winter months (Fig. 23) and the inlet water 
at the river mouth can contain high suspended sediment 


concentrations (approximately 1540 mg/I, from Kinney 
et al. 1970b) which would tend to mask the river 
plume. 

The large-scale circulation patterns within the inlet 
arc primarily governed by interactions between tides, 
Coriolis force, and the counterclockwise Alaska cur- 
rent; however, local currents are additionally influ- 
enced by local bathymetry, morphometry and fresh 
water influx (Evans ctal. 1972). Generally tidal 


33 





«o 




s 


I 

'id 

S' 

I 

3 




'.c-:o\ 


I 

ci 



figure 23. Seasonal changes in discharge for riven en^’ ing Cook Inlet (from Sharma et al. 1974). 


currents dominate and currents due to wind stress, sur- 
face waves, runoff and ordinary convective and advcc- 
tive processes are by comparison more local and of 
smaller magnitude (Marine Advisers 1965). Wind-driven 
currents may add approximately 2-3% of the wind speed 
to tidal current velocities in some localities (Marine 
Advisers 1964). The tidal currents are predominantly 
rectilinear or reversing currents which are common in 
elongated estuaries or bays. There currents produce 
turbulent mixing of sea and fresh water and the result- 
ing mixing patterns are apparent on aircraft and satellite 
imagery. Current velocities increase from 2 to 3 knots 
near the inlet mouth to greater than 8 knots at topo- 
graphic narrows (i.e. Harriet Point, the Forelands, Knik 
and Turnagain Arms) (U.S. Department of Commerce 
1964). 

In the past, surface temperature, salinity, oxygen 
and suspended sediment data acquired over several 
days during numerous ship surveys were used to dia- 
gram the regional circulation patterns of the inlet 
(Fig. 24, 2S and 26). These data do not provide a 
synoptic view and were not taken during the same tide 
stage. Several low and high tides occurred during the 


sampling period and the data do not reflect changes 
between times of low and high water. In spite of these 
shortcomings the data are useful for determining gen- 
eral patterns. The distributions indicate that surface 
water on the east side of the inlet south of the fore- 
lands differs considerably from that on the west. 

Temperatures in May (Fig. 24) show a rapid de- 
crease from SJ°C (41.1 °F) to < 4.9°C (39.4°F) west- 
v/a'd between Ninilchik and Tuxedni Bay; surface 
temperatures increase from 4.9°C east of Kalgin Is- 
land to > 9.0°C (48.2“ F) at the mouth of the Susitna 
River, to 8.0°C (46.4°F) on the west side of the inlet 
mouth. The mid-inlet cold water around Kalgin Island 
may result from upwelling of bottom water during 
flood tides (Evans et al. 1972, Kinney et al. 1970b). 
Some estuaries are characterized by a salt wedge that 
moves headward into the estuary along the bottom 
while the fresh water outflow moves over this wedge 
and out the estuary (Bowden 1967). 

The low salinities north of the forelands and near 
Cape Douglas result from fresh water dilution. The 
salinity and temperature distributions near the mouth 
and along the eastern portion of the inlet to north of 
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Figure 24, Surface temperature (°C), salinity (parts per thousand) and oxygen (mlOjII) in May 1968 (adapted from Kinney et at. 19706). 


Figure 25. Surface temperature (°C), salinity (parts per thousand) and suspended sediment (mg)!) in August 1972 (adapted from unpublished data 

provided by F.F. Wright). 
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Figure 26. Surface ,‘emperature CC), salirtity (parts per thousand) and suspcndca 

Sharma 1973). 








f igure 27. PredU led maximum 
tidal Lurrenti (cmfufc/ (alter 
ivametal. 1972). 




Ninilchik sujyic^t that a distinct oceanic water mass ex- 
ists in this location. The salinity data indicate that north 
of the forelands the saline water moves north in the 
eastern half of the inlet while fresher water progresses 
south on the west side; northeast of Kalgin Island ebb- 
ing waters from north of the forelands move south past 
the east side of the island. North ol the forelands, tem- 
perature data indicate that cold water moves north in 
the central part of the inlet. The cold water moves 
south past the east shore of Kalgin Island. This south- 
erly movement is verified bv the salinity data. 

Surface oxygen data indicate thit none of the water 
in the inlet is oxygen deficient; high concentrations 
occur at the mouth of the Susitna River and near Kam- 
ishak Bay. The surface oxygen distribution also indi- 
cates a boundary /one between water types in the mid- 
dle and southern inlet as observed from the tempera- 
ture and salinity data (Kinney et al. 1970b). 

The August (Fig. 25) and September (Fig. 26) 1972 
data show similar regional patterns; however, local 


differences are apparent. The oceanic water moving 
into the inlet on the southeast appears as a distinct 
tongue in September temperature data; north of the 
forelands August and September temperatures do not 
show the distinct water mass in the central portion as 
observed in May 1968. Salinity data from May 1968 
and September 1972 show saline water throughout 
the southeastern half of the inlet and in September 
this water appears to progress nearly across the inlet 
northeast of Augustine Island. The tongue of less 
saline water east of Kalgin Island in May 1%8 is less 
obvious in September 1972 and not present in August 
1972. In addition, north of the forelands, the more 
saline water appears to move northwest through Trad- 
ing Bay in the western inlet in August 1972 and docs 
not appear in September 1972. These differences in 
distribution may result because the data were uken 
in different seasons and during different tides and, 
therefore, reflect changes caused by many tidal fluctua- 
tions. 
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Figure 28. Generatued surface circulation patterns visible on MSS bands 4 and 5 imagery 
acquired in October and November 1972. 


In addition to these differences in distribution, the 
temperature and salinity ranges are lower. Water tem- 
peratures are higher in the northern inlet in August 
and in September temperatures decrease; oceanic water 
intruding at the inlet mouth is warmer in September 
than in August; water in Kamishak Bay was * 6“C 
(10.8°F) warmer in September 1972 than in May 1968. 

Suspended sediment concentrations were generally 
higher in September than August 1972. Abnormally 
low concentrations occurred at the mouth of the Susitna 
River, possibly as a result of the low precipitation, 1 .82 
in., in July and August (U.S. Department of Commerce 
1973). Precipitation increased to 42 in. in September, 
resulting in increased runoff and suspended sediment 
concentrations. The low suspended sediment concen- 
trations occur along the eastern portion of the inlet be- 
low the forelands because this area is dominated by 


clear oceanic watei, and rivers discharging into the in- 
let along this coast contain low sediment concentra- 
tions. 

Based on this analysis the following observations 
can be made. The water in the upper inlet is well 
mixed due to the very large tidal fluctuations and high 
current velocities (Fig. 27) in this shallow, narrow 
basin. During summer, when surface runoff is high, 
there is a net outward movement of wal ; r from the 
upper inlet; with reduced runoff in the winter there is 
vertually no net outflow (Murphy et al. 1972). The 
middle inlet has a net inward circulation of cold, 
saline oceanic water up the eastern shore and a net 
outw^^d flow of warmer and fresher inlet water along 
the wt. tern sliorc (Evans et al. 1972). These water 
masses aie well mixed vertically along the eastern shore 
and are separated laterally by a well defined shear zone. 

i 
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Figure 29. Boundaries separating oceanit and inlet water (trum Anderson et al. 1973). 


In the lower inlet a lateral temperature and salinity 
separation is maintained, but in the western portion 
vertical stratification occurs with colder, saline oceanit 
water underlying warmer, less saline inlet water. During 
tidal inflow the deeper oceanic water rises to the surface 
at the latitude of Tuxedni Bay and mixes with the in- 
let water (Kinney et al. 1970b). 

The repetitive LANDSAT-1 imagery has been used 
to analyze these regional surface circulation patterns 
(Anderson et al. 1973, Wright et al. 1973) and the 
imagery from October and November 1972 showed few 
changes in the patterns observed on the ground truth 
data (Fig. 28). The clear oceanic water from the Alaska 
Current enters the inlet at flood tide along the cast side 
around the Barren Islands. This clear water becomes 
less distinct toward the north as it disperses and mixes 


with the turbid water in the middle miel around \inil- 
chik. The tide Ironl progresses up the inlet primarily 
along the cast shore, being diverted m that direction 
by the Coriolis torce. A back eddy not previously 
reported (dotted arrows) (rig. 28) was apparent on 
the November 1972 I. ANDSAT frames iust ofishore 
from Clam (julch. The eddy forms in the slack water 
northeast ot Care Ninilthik during flood. The tide 
front continue s past the I ast Foreland, a large penin- 
sula protrudirg some 16 km into the inlet, and is 
partially diverted across «hc inlet where it meets the 
West Foreland. At this location part of the front is 
diverted south of the West Foreland and the remainder 
moves north. The result is a counterclockwise circula- 
tion pattern around Kalgin Island. This pattern was 
verified by direct observation from 1800 m altitude 
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h. ■ hjrii^ s tn er jn I (H‘nod. 
f iQitn jy '(ont di. 


Jurmi; an aircratt unJertli^jht at the iimf the vitellite 
pa>>>eJ. Ihc Circulation of curlace vcalcr north of the 
forcianjc at thic time appearv to be similar to that pre- 
stousK reported 'I sans et al. iy72.- The ebbing ssatcr 
•n the inlet moses prcdominantls along the northeastern 
shiHe pact the lixelands and vs as discernible on the 
November 1972 L XNDS-M-l imagers llosscver, the 
presiousis reported c>»uniercloekssise pattern north of 
the forelands, formed as ebbing vsalers striking the 
West jreland are diverted across the inlet and become 
incorporated into the fliMid current along the e. hore, 
was not obserseu (Anderson et al. I97i). Recent data 
suggest that the net circul.ttion in the northern inlet 
ma> be clockwise wirk . ater from Kmk Arm moving 
southwest during ebb flow and being moved into Tiitn- 
again Arm during flixid (I .1 . Wright, personal com- 
munication, 1975). S >uth of the forelands, as the 


sediment laden ebbing water moves past Chinitna Bay, 
a portion appears to flow along the shoreline and cir- 
culate around the west side of Augustine Island in 
Kamishak Bav, while Ihc remainder moves past the 
has and continues parallel to the coast past Cape Doug- 
las and piogressi's through Shelikof Strait. This circula- 
tion pattern in Kamishak Bay was not previously re- 
ported but is evident on the MSS imagery and is 
verified with ground truth data. In the northern part 
of the bav, currents follow the coast, flooding north- 
eastward and ebbing south west ward at about 1 knot 
(U.S. Department ol Commerce 1964). 

'7.. nges in circulation and sediment distribution 
ocLuiiing during an IS-day LANDSAT cveic were de- 
tected and mapped (Fig. 29). Figure 29a shows differ- 
ences in the position of the boundary between oceanic 
and inlet water in the southern inlet on two successive 
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Figure 30. Surface water patterns on 
Cook Inlet on 3 November 1972. MSS 
band 6 images 1 103-20513 (top) and 
11 03-20520 (bottom). 


davs; this boundary separates these two water types 
during late ebb tide in Anchorage and late flood in 
Seldovia. The irregularities and changes in the loca- 
tion of these lines may be due to changes in the mixing 
zone between these water types. The intrusion of the 
oceanic wzter appears to depend more or less on the 
tidal suge. Near the time of low water in Seldovia the 
boundary migrates toward the southeast, but near high 
water it moves more to the northwest. The irregulari- 
ties in the northern portion of the 4 November boundary 


may also be due to upwelling of a subsurface salt wedge 
thought to occur in this portion of the inlet (Kinney 
et al. 1970b, Evans et al. 1972). This subsurface tongue 
of oceanic water may move headward up the shoaling 
bottom of the inlet to the latitude of Tuxedni Bay, 
where it rises to the surface south of Kalgin Island dur- 
ing flood tide. 

Changes in the boundary over an 1 8-day cycle are 
shown in Figure 29b. The 17-18 October imagery 
shows the position of the boundary during mid-flood 
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Figure 3t. Cook Inlet coast approxi- 
mately 13 km southwest of Point Pos- 
session (outlined on Figure 30; NASA 
NP-3A photographs). 


tide in Anchorage and early ebb in Scldovia. The bound- 
ary is generally comparable lo that shown in Figure 2Sa 
and the general relationships of the two water types 
appear from these observations to be consistent during 
the period October through November. Some confusion 
may result because the October boundary (small dots) 
was drawn from patterns observed on two successive 
days, not one day as in November. This was necessita- 
ted because October images were partially obscured by 
clouds. However, the observations on these two succes 
sive days were made at virtually identical tidal stages. 

In the areas of image overlap the two lines coincide, 
suggesting that the regional changes from day to day 


were less significant than those over an 18-day period. 
This is, in fact, the conclusion illustrated in Figure 29b. 

Surface water features were most apparent on the 
band 6 LANDS AT imagery acquired on 3 and 4 Novem- 
ber 1972 because the low sun angle obscures the fea- 
tures on the band 4 and 5 images. Light recorded in 
the band 6 spectral region is reflected from the water 
surface with very minor water penetration. Notice 
that the surface south of Cape Ninilchik (1) appears 
clear compared to the water to the north (Fig. 30). 

Much of the turbidity along the coast from Point Pos- 
session (3) to the East Foreland (4) is caused by bottom 
scouring. The outlined area north of Moose Point (2) 
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a. Carly flood tide. 

Figure 32. Coast south of Moose Point (outlined on Figure 30; /V/1S/1 NP-3A photographs). 


shows clear (dark) water surrounded by sediment laden turbid streaks (4) form on the downstream side of sub- 
water. Details of these patterns are shown in figures merged rocks because of increased turbulence and 
31-34. The turbid water (I) in I igure 31 results from bottom scouring. Tlie clearer (dark) water outlines 

resuspension of bottom sediment during flood tide. an area where depths reach 10 to 1 m and scouring 

Moose i*oint shoals (2) are exposed and water of vari- is reduced. Note the counterclockwise vortex in the 

able sediment concentration (3) occurs farther offshore. slack water area formed on the lee side of the shoals. 

This zone between turbid and less turbid water may re- Sediment patterns caused by bottom scouring arc 

suit from mi.xing of bottom water and inlet surface also shown in 1 iguic 32. Rocks are scattered through- 

water. Note the thermal patterns in tliisarea (line 56); out this area on the tidal flats (3) and farther offshore 

the turbid water appears to produce a cold return (dark) (4) west of the sea cliffs (1 ) and the mouth (2) of 

on the scanner imagery. This is unexpected, since this Otter Creek (5). The rocks arc known navigation haz- 
water occurs in a turbulent zone where bottom and sur- ards along the entire southern coast of Cook Inlet. The 

face waters arc mixed and become isothermal. The rocks are exposed during low tide (1 ig. 32a) but are 
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^ b. Late flood tide. 

i 

I Figure 32 (coot 'd). 

inundaied during high water (Kig. 32b). The turbulence and deposition has formed the tidal flats (4) farther 
on the Ice side of the submerged rocks causes bottom west. The surface patterns to the northeast (2) may 

scouring, and streaks of suspended sediment form be- be wind slicks; the suspended sediment (6) mav be 

hind the rocks. The pattern on Figure 32b is also reworked bottom sediment. 

apparent in the outlined area on Figure 30. Note the Across the inlet from Moose Point (2 on Figure 30) 

clearer water (7), the "feathcred-edge" pattern (5) and and east of the North Foreland several water types 
the turbid water (6). converge and mix near the offshore platform (1 ) (Fig. 

Currents moving past the West Foreland (1 ) parallel 34). The variability in sediment concentration shown 

this coast and cause some bottom scouring (5) in the in Figure 34 is not as obvious in Figure 30. The off- 

area around Knuttrain Rocks (Fig. 33). Erosion is shore water (2) appears to be moving north (note pat- 

active along the south side at the base of the sea cliff (3) tern behind platform) and overriding the less turbid 




Figure 33. West Foreland during flood tide (outlined on Figure 30; NASA NP-3A photograph). 


water (6). Mixing between clear (6) and turbid (7) 
water is apparent. Plume patterns on the thermal scan- 
ner imagery (line 54) indicate that the water from 
Beluga, Theodore, Lewis and Ivan Rivers is moving 
north nearshore. The water about 4 km offshore ap- 
pears to be moving south. The water types (3, 4, and 
5) nearshore in Tigurc 34 arc from these rivers. Inter- 
nal waves (8) occur along the front between these water 
types. 

Suspended sediment concentration throughout the 
inlet is controlled primarily by the circulation described 
above; thus a generalized distribution can be presented 
(Fig. 35). Suspended sediment, mostly of glacial origin, 
is concentrated in the well-mixed northern inlet; it is 
nearly absent in the water of the cast central and eastern 


portions of the inlet mouth. The inlet water from the 
mouth to the latitude of Cape Ninilchik and Chisik 
Island contains suspended sediment predominantly 
smaller than medium silt; medium silt or smaller parti- 
cles dominate, but fine sand is present north of Ninil- 
chik to the area between the Susitna River mouth and 
Point Possession; silts predominate but fine sands be- 
come increasingly prevalent in the upper inlet east of 
Point Possession (Kinney ct al. 1970b). This regional 
distribution is maintained year-round but the toul 
suspended sediment load varies with season and with 
depth (Murphy ct al. 1972, Kinney et al. 1970b). 
Subsurface measurements show that suspended load 
normally increases with depth (Sharma et al. 1974). 
Rosenberg ct al. (1967) also indicate that the vertical 
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I I 1 

Hqure 3^. An’u east ot the \orth f ureland (outlined in Figure 30; \M5/1 \P-3A photograph. 

sediment distribution varies with depth. Maximum val- in the southeast and the turbid, Ircsher inlet water in 

ucs generally cKtur at approximately 10 m at the head the north and southwest arc apparent. Ames rrf mixing 

of the inlet: load increases with depth south of the along the boundary between the oceanic (I ) and inlet 

forelands. (2) water arc appareni based on changes in suspended 

LANDSAi MSS imagery from November 1972 (Fig. sediment concentration (Fig. 36). This L/VNDSAT 

30), April (Fig. 36) and September 1973 (Fig. 37) clear- image was taken on 1 5 April 1973 during late flood 

ly shows many of the previously mentioned sediment tide in Seldovia and shows a clear distinction (3) bc- 

patterns produced by the movemeni of water types with tween water types. The /one of intermediate sediment 

different temperatures, salinities and suspended sediment concentration (4) suggests extensive mixing at the 
concentratiims. The distribution of, and areas of, mix- northern end ol the oceanic water, 
ing between the less turbid, ntore saline, oceanic water 
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Figure 35 Generalized surface suspended sediment distribution (after Sharma 
eta!. 19/3). 


Figure 37 shows surface patterns of suspended sedi- 
ment distribution on 24 September 1973 during late 
flood tide in Scldovia and late ebb tide in Anchorage 
(lower low water in Anchorage occurred at 1204, 
approximately 10 min after the imagery was taken). 

The oceanic water (1 ) on the southeast has migrated 
as far north as Kenai. The boundary (2) between this 
water and inlet water (3) is much less obvious on this 
imagery than that acquired on 1 5 April (Fig. 36). Sur- 
face runoff is probably reduced and less suspended 
sediment discharged into the inlet. Mixing between the 
two major water types appears to be more extensive at 
this time in the middle and southern inlet. The entire 
inlet south of the forelands is dominated by oceanic 
water, and complex surface circulation patterns exist 
near Kalgin Island. The patterns differ from those ob- 
served on the November 1972 imagery. Flooding 


oceanic water appears to bifurcate near the latitude ul 
Tuxedni Bay and move northward cast and west of 
Kalgin Island. A nearshore counter current appears 
along the cast coast of Kalgin Island. The high sedi- 
ment concentration along the east coast between Cape 
Ninilchik (4) and Cape Kasilof (5) may be due to 
scouring of the bottom or a southerly counter current 
along the coast. A similar pattern was observed on 22 
September 1973 (Fig. 20). North of the forelands the 
oceanic water has mixed extensively with the turbid 
inlet water but appears to continue up the inlet along 
the west shore and in the middle. McArthur River 
plume (8) indicates that coastal water here is moving 
north. Surface salinity data from August 1972 (Fig. 
25) show a similar pattern north of the forelands. The 
Beluga River (9) is a meltwater stream flowing from 
Beluga Lake (10), a pcriglacial lake at the terminus of 
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f iijure if). SurtuLf ^\otcr pattern's in southern Cook Inlet. MSS hand 5 imatte lObh-JO^iU, acquired 
/5 \pnl I'rj. 


ihc Triumvir. Ilf C.'ljvicr (11). [hf rivvr pliimf (6) ituli- 
vjtfs siiuihfilv ncjisiiotf currcniv. I his austil vv.iU'r 
may Luniiruif alum; the voast lo the \uitli I urd.ind 
l7) then movf across ihe inlet and hccomc mixed with 
llootlinj; water. 

I ii;ure 38 shows details ol walei movement in the 
Anchor Point ( I ) area at tiood tide conditions as shown 
in [ ijture 37. C le.ir water (2) dominates th's aiea 
cspetially during Hood. Anchor River (3) cischarges 
clear water at the north end of the hay mouth bar (4) 
which has formed across the mouth ol the river. Wave 
action and currents appear to rework the nearshore sedi- 
ment producing; a lurhid /one ((i) seaward of Ihe bar. 
The dominant current direction is northerly as inlerred 
from the orientation oi the bar. Sea cliffs (5) are com- 
mon along the coast. 


I igure 3‘> shows the Nikiski whart a>’ea (I ) and the 
surlace current patterns near the l ast I oreland 
during llr»od tide. Ihese patterns arc also apparent in 
I igures 30 and 37. Curieni velocities reach 8 knots 
here and current directions ate parallel to the coast, 
lurhid streaks in the nearshore water (2) show north- 
erly flow. A distinct line between this water .ind more 
litrbid water (31 ollshore is apparent in the west (also 
very apparent on I igure 30). lurhidity (4) on the 
north side of the foreland mav result from bottom 
scouring, Ihe light area (.3) is due to sun glint on the 
water surface. Rosenberg et al. (1467) report the 
changes in local tidal cm rents based on drogue studies; 
a large eddy develops in the area of turbid walei (4) 
north of the hast rorcland during flood; this assists in 
lateral mixing and dispersion ol wastes from the 
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hqure 37. Surface water patterns in Cook inlet. 
Mosaic made from MSS batrd 5 images I42S-20S54, 
1428-20560, and 1428-20563, acquired 24 Septem- 
ber 1973. 


Nikiski outfalls. Water that misses this eddy is moved 
farther offshore during ebb, while nearshore ebb cur- 
rents parallel the coast and carry effluents to the Kenai 
River area. The high current velocities and lateral mix- 
ing cause rapid dispersion of the local wastes. 

Circulation patterns similar to rhosc observed on 24 
September 1973 (Fig. 37) were observed on 6 Septem- 
ber 1973 during mid-flood at Anchorage and very early 
ebb at Scldovia (Fig. 40). Clear oceanic water moves 


north on either side of Kaigin Island. Plumes from the 
Kasilof (1), Drift (2) and Big (3) Rivers indicate that 
nearshore currents are moving north. The turbid waters 
(4) near the coasts occur over shallow areas (refer to 
NOAA Navigational Charts 8554 and 8553) and the 
high concentration of suspended sediment may result 
primarily from bottom scouring and river discharge. 

Ground truth observations. Repetitive ground truth 
observations of water characteristics in Lhc southern 
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Figure 38. Anchor Point area during flood tide (outlined on Figure 37; V/lS/1 \'P-3A photograph). 


inlet from 1 5 May to 9 September 1973 were provided 
by the National Ocean Survev , NOAA. These data were 
used to prepare distribution maps (data points used in 
each map arc shown; refer to l igure 3 and section 
"Ground Truth Data” for description), profiles and 
T-S diagrams and to show changes in the water charac- 
teristics during different seasons and tides. These re- 
sults correlated with and verified many of the interpre- 
tations and observations made from the imagery. Many 
of the complicated patterns that exist, as observed 
with the ground data, arc readily apparent on the LAND- 
SAT imagery. This demonstrates the utility of the 


imagery in synoptic property studies of oceanographic 
water masses. Surface Umperaturc (Fig. 41 ) and salin- 
ity (Fig. 42) distributions liom 22-26 May are compa- 
rable to the 1968 data (Fig. 24) although the 1973 
temperatures arc generally lower, and salinities high- 
er. Cold water {» 5.0'C, 40“F) enters the inlet on the 
southeast side while warmer water mover seaward along 
the west shore. The warmest water is found in Kamishak 
Bay and appears to circulate out of the Bay round Au- 
gustine Island. This circulation was observed on LAND- 
SAT imagery acquired in November 1973 (Fig. 28 and 
30) but w.ts not previously rccogni/cd. The 1968 and 
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f itfurt 39. \ikiski whart Last f urvlond area during flood tide /outlined an Figure 37; V.-15/1 \P-3A 
photograph j. 


1973 salinit> pjttcrn«i in Mav are very similar. I he 
mure saline water is concentrated in the southeast and 
dilution hy Iresh water occurs primarily Irom the north 
and southwest. A ver\ distinct shear /one is indicated 
by the 19fi8and 1973 salinity data. 

Differences in surface temperature (t iit. 43) and 
salinity (I ig. 44) distributions lor flood and ebb tides 
from 17-26 Mav were prepared to illustrate changes in 
distributions and circulation due to tidal action. Sur- 
face temperatures of inlet water are colder than the 
oceanic water during this time, although this relation- 


ship reverses in the summer. Lowest salinities (29 
parts per thousand) are found in Kamishak Bay. Cir- 
culation in Kamishak Bay appears to be reduced during 
IKhkI tide, and fresh water tends to accumulate in this 
protected embay ment. Surface temperatures in Kache- 
mak Bay are generally higher than in the inlet while 
changes in silinity during different tides are minor. 
Circulation in the inner bay may be reduced because 
the narrow opening between the end of Homer spit 
and the viuth sliore causes restricted water exchange. 
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r/gwrt> Surface water patterns near Kalgin Island. From 

MSS band 5 image 1410-20513, acquired 6 September 1973. 


Figure 41. Surface temperature distribution, 22-26 May 1973. 
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Figure 42. Surface iaiinity distribution, 22-26 May 1973. 


Temperature and salinity data indicate that the shear 
zone (boundary) between the two water masses in the 
southern inlet is compressed Toward the west during 
flood, being forced in that direction by the inflowing 
oceanic water. Surface circulation out of Kamishak 
Bay appears to be negligible during flood. The bound- 
ary migrates eastward during ebb, and southerly moving 
inlet water appears to spread over a larger portion of 
the lower inlet. The mixing zone between the water 
masses is moved toward the mouth and oceanic water 
is restricted to the lower southeast side of the inlet. 

Temperature and salinity profiles (Fig. 45) indicate 
that a distinct thermocline and haloclinc occur between 
5-10 m and 0-5 m, respectively, at location SP-2014 in 
Kamishak Bay. The surface water is • 2 parts per 
thnut^nd higher at depth. The water temperature and 
salinity below 1 0 m remain virtually constant. Strong 
stratification is not present at sites SP-2033, southwest 
of Homer, and SP-2021, in mid-inlet. In general, mixing 
of surface and lower waters appears to be more com- 
plete in these locations. 

Data acquired from 8-1 5 June show several changes 
in water characteristics for flood and ebb tides. Surface 
water entering the inlet during flood tide in June (Fig. 
46a) is appro>imately 2°C (3.6°F) warmer than in May. 
The water temperature change across the mouth is greater 
(3°C, 5.4“ F), and the oceanic water appears to intrude 
less into the mlct during flood tide in June. Tempera- 
tures of the inlet water appear to be as cold as the oceanic 
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water, possibly due to the increased discharge of glacial 
meltwater streams in summer. Surface temperatures 
during ebb (Fig. 46b) indicate less intrusion of oceanic 
water and a spreading of warmer water from Kamishak 
Bay. 

Surface salinity distribution (Fig. 47) also indicates 
a greater restriction of oceanic water to the southeast 
than was evident in May. A more rapid salinity change 
across the mouth occurs and the less saline water in 
Kamishak Bay is confined during flood tide. The shear 
zone appears to be more compressed and slightiv east 
of its location during flood in May. This shear zone 
or frontal zone becomes more diffuse and moves east- 
ward during ebb flow. This migration with tides was 
also detected in tidal data acquired on 14 April 1973 
(Sharma et al. 1973). 

Water profiles at ST-2006, ST-2009 and ST-2020 
indicate decreasing temperature and increasing salinity 
with depth (Fig. 48). Changes in tempcrature-salinit> 
with depth are more pronounced and stratification is 
generally stronger in June than in May, except for the 
data at SP-2014 (Fig. 45) where a strong thermocline 
and halocline exist. Water at ST-2006 is more strati- 
fied than at the other sites, possibly because this site 
is in the area where Kamishak Bay and oceanic waters 
migrate with the tides. The water below 10 m in May 
has similar salinity and temperature values to the water 
below 30 m in June. This suggests that surface layers 
with high temperature/salinity variability have become 
thicker as surface runoff increased in June. 
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Figure 43. Surface temperature distribution, 1 7-26 May J 973. 
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Figure 44. Surface salinity distribution, 1 7-26 May J 973. 
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Figure 45. Temperature-salinity profiles, May 1973. 


Temperature and salinity distributions for 3-8 July 
(Fig. 49 and 50) are comparable to those previously 
observed. The movement of warm surface water to- 
ward the inlet mouth from Kamishak Bay is well docu- 
mented by the temperature patterns from 3-8 July and 
ebb tide data for 8-1 5 June (Fig. 46b and 47b). This 
circulation was also observed on the LANDS AT-1 
imagery acquired 24 September 1973 (Fig. 37). Sur- 
face temperatures of the inlet water and the water in 
Kamishak Bay have increased since June while the 
salinity has decreased, a result of increased fresh water 
runoff. Maximum runoff occurs in July - August (Fig. 
23) and dilution of the surface water is near maximum. 

Temperature profiles in July (Fig. 51) for ST-4, -5 
and -25 indicate nearly complete mixing; temperatures 
change only 2°C (3.6°F) from surface to near bottom 
and no distinct tliermoclinc exists. Salinity variation 
is minor at ST-4 and -5, while at ST-25 salinity increases 
from 31 parts per thousand at the surface to 32.2 parts 
per thousand at 30 m depth. Below « 30 m the water 
at ST-4, -5 and -25 is comparable. Strong stratification 
occurs at station ST-2001, north of Cape Douglas; turbu- 
lence is low in this a.'ca, resulting in a distinct thermo- 
cline and haloclinc from 0 to 20 m. Stratification is 
weak or absent at the other locations and water charac- 


teristics below 30 to 40 m are similar; water tempera- 
ture at S-3 is generally higher throughout the water 
column than at other locations. Bottom water is 
slightly warmer and more saline in July than in June. 

The surface temperature of the oceanic water and 
the inlet water north of Anchor Point increased approxi- 
mately 2°C (3.6° F) from 3-8 July to 7-9 August (Fig. 
52). Surface salinities (Fig. 53) are similar to those in 
July. Salinity stratification is strong at station SP-2034 
near Homer Spit (Fig. 54); less saline surface water 
(28.8 parts per thousand) extends to 10 m where a 
strong haloclinc occurs from 10 m to 30 m (28.8 to 
31.5 parts per thousand); the temperature at this site 
changes from 10.5°C (50.9°F) to 9.2°C (48.6°F) in this 
interval. Knull and Williamson (1969) report that strati- 
fication in Kachemak Bay is maximum in July when 
runoff is high. Below 30 m temperature and salinity 
remain virtually unchanged. This station is located 
near jhore at China Poot Bay and surface water may 
be dominated by meltwater from the glaciers on Kcnai 
Peninsula. LANDSAT image 1426-20444 ^Fig. 20) 
shows highly turbid water at this location. 

Time series data for station S-1 are also presented in 
Figure 54. Data arc acquired every half hour through 
half a tidal cycle (generally 13 hours) at time scries 
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Figure 46. Surface temperature distribution, 8-15 June 1973. 
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Figure 52. Surface temperature distribution, 7-9 August 1973. 
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Figure 53. Surface salinity distribution. 7-9 August 1973. 






Table VII. Forecast tides at Scldovia, Alaska, 

30 August 1973 (from U.S. Department of Com 

merce 1972). 


Time 

Height 

(hr min) 

(m) 

0325 

6.3 

0928 

-0.6 

1542 

6.4 

2154 

-0.5 
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““sSu) ' s(S)} S-l. 30 Aug-73- 

S’'- 

Figure 54. Temperature-salinity profiles, August 1973. 


stations. The profiles show changes in water tempera- 
tures and salinities from the surface to near bottom at 
S-1 from late flood through early ebb on 30 August. 

The S-1 a data were taken at 1 328, 2:14 hr min, S-lc, 
at 1 731 , 2:29 hr min, and S-1 d, at 1 830, 3:28 hr min 
after high water (Table VII). Minor temperature and 
salinity changes occur from the surface to 10 m; be- 
tween 10 and 30 m the data are similar; below 30 m 
the variability increases with depth. Salinity at S-lc 
decreased rapidly from 31 to 30 parts per thousand at 
42 m. This sudden decrease may have been caused by 
an instrument problem or by the rapid movement of 
less saline water past the station. This station is near 
the shear zone and considerable variation could occur 
throughout the water column along this frontal ^onc. 

This rapid change was not detected at 1 830. 

Surface temperatures from 5-9 September (Fig. 55) 
vary considerably from those acquired in August. Tem- 
peratures are 2°C (3.6“F) warmer near the cast side of 
the inlet mouth and • 2°C cooler on the west. Kachemak 
Bay temperatures are • 3“C (5.4“F) warmer than in May 
(Fig. 41 ) and * 2°C colder than the inflowing oceanic 
water (Fig. 55). Fresh water runoff during the summer 
has diluted and reduced the salinity of the water through- 
out the area, especially in Kachemak Bay with surface 


salinity 5 parts per thousand lower in September (Fig. 
56) than May 1973. 

Water profiles in September are more variable than 
previously seen (Fig. 57). Water temperatures and 
salitMties are variable from the surface to * 40 m. The 
thermocline and halocline extend to this depth. Below 
40 m variations continue to the bottom. Salinity at 
SP-1 7, south of Homer Spit, increases from 28.2 parts 
per thousand at the surface to 31 parts per thousand 
at 40 m; from 40 to 80 m it increases to 31 .4 parts per 
thousand. Temperature rapidly increases from 8.6°C 
(47.5°F) at surface to 10.4°C (50.7“F) at 5 m; from 
5 to 80 m it decreases to 9.1 °C (48.2° F). These 
halocline and thermocline characteristics are not present 
farther west. The temperature profile at ST-4 shows no 
thermocline and decreases gradually from 10°C (S0°F) 
at the surface to 7.5°C (45.5°F) near the bottom; salin- 
ity decreases slightly from 0-5 m, then increases steadily 
to 31.8 parts per thousand. Temperatures at ST-25 in- 
crease from 9.4°C (48.9°F) at the surface to 10.4°C 
(50.7° F) at 5 m, arc relatively constant from 5 to 35 
m, and decrease from 10°C (50° F) to 8°C (46.4° F) 
from 35 to 100 m. 

T'S diagrams arc especially useful in characterizing 
water at depth and in determining water types based 
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Figure 55. Surface temperature distribution, 5-9 September 1973. 
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Figure 56. Surface salinity distribution, 5-9 September 1973. 
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on features and anomalies of temperature-salinity. Tem- 
peratures and salinities are plotted in reference to water 
density expressed as o-]-; the diagram indicates the stabil- 
ity and stratification of water by graphically illustrating 
density characteristics ti rough the column (Sverdrup 
et al. 1 942, von Arx 1 967 ). 

Water characteristics a' location ST-2008 during 
early flood on 26 May (F g. 58) produce a stable water 
column with very minor stratification. Salinity and 
temperature changes v j minor, 31.1 to 31.6 parts per 
thousand and 5.9°-4.5"C (42.6°-40.l“F), respectively. 
Strong stratification occurs at ST-2006 during late flood 
on 25 May. Surface water is colder, more saline and 
therefore more dense than the water immediately below. 
This reverse stratification may result from the intrusion 
of oceanic water during flood tide. The water type at 
ST-24 is generally less dense than at ST-2008 during 
flood; temperature is the controlling variable. Tempera- 
ture at ST-2008 changes from 7.8“C (46° F) at surface 
to 5.5“C (41.9“F) at depth while the salinity range is 
only 0.3 parts per thousand; density is comparable to 
the deeper water at ST-2006. 

Water types at ST-2002 show considerable variation 
in stability from 3 to 31 July (Fig. 59). On 5 )uly, 
salinities are higher throughout the water column and 
and temperatures lower. Salinity stratification occurs 


Figure 5 7. Temperature-salinity profiles, September 
1973. 


at several depths while temperature stratification is 
less pronounced. Rapid salinity changes are not as 
prominent on 31 ]uly and the water is generally less 
dense. 

Water characteristics at ST-25 on 3 july (Fig. 59) 
produce a deep salinity stratification and generally 
more dense water than present on 7 September v.' ig. 
60) when surface stratification is pronounced. Station 
SP-1 7 (Fig. 60) shows a slight change in temperature 
from surface to depth but a large salinity variation, 
28.2 to 31.4 parts per thousand. Temperature-salinity 
values at ST-4 (Fig. 60) are virtually the same as at 
ST-25; the water types are similar. The variability of 
the water characteristics, as shown by these T-S dia- 
grams, illustrates the rapid changes that occur through- 
out the water column during different tidal stages and 
seasons. 

Sea ice* 

Sea ice is a navigation hazard, particularly in the 
upper inlet north of the forelands, for four to five 


• The Cook Inlet first year ice is not truly sea ice 
(formed from the freezing of salt water) but forms by 
the freezing of fresh river water discha ged by the ex- 
tensive tidal flats primarily in the northern inlet. 
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Figure 60. T-S diagrams, stations ST-25, -4 and 
SP-17. 


months of the year (Marine Advisers 1964; Alaska 
District, Corps of Engineers 1948; Rosenberg et al. 
1967). The movement and strength of the ice arc 
important aspects of the inlet environment to be con- 
sidered, especially in planning offshore construction. 
The ice is fine- to medium-grained (1-4 mm) with 
a salinity of 0.4 to 0.6% and a ring tensile strength 
of 10-20 kg/cm*. It exists as large floes which arc 
commonly greater than 320 m across with individual 
blocks generally less than 1 m thick. Pressure ridges 
up to 6 m in depth occasionally form on the floe 
peripheries due to frequent collisions with other floes 
(BIcnkarn 1970). Large ice floes become scattered 
and move primarily up and down the upper inlet 
with the 6 to 8 knot tidal currents; some move as far 
south as Anchor Point on the cast side (Wagner et al. 
1969); large floes arc commonly carried by winds and 
tides along the west side as far south as Kamishak Bay 
and beyond to Cape Douglas. Brash and frazil ice arc 
common between the rounded floes. Previous reports 
(U.S. Department of Commerce 1964) suggest that ice 
occasionally closes lliamna Bay for brief periods; how- 
ever, repetitive LANDSAT-1 and NOAA -2 and -3 
imagery indicate that large floes persist in Kamishak 
Bay for long periods and that many of the small cm- 
bdyments bordering the bay appear ice covered for a 
r^'Uior portion of the winter. 

Most of the ice forms by the freezing of river water 
as it flows over the tidal flats. Smaller amounts of ice 
arc formed from sea water left on the flats during low 
tide (Sharma and Burrell 1970). Much of the ice on 
the flats is picked up during flood tide, moved out 
into the inlet and incorporated into the floe; the re- 
mainder is left on the flats and repeatedly rcfrcczes to 
form sheets or stacks of ice (stanukhi) some as thick 
as 1 2 m. Some of these thick sheets arc eventually 
Uansported to the floe v^hilc some remain on the flats 
throughout the winter. 

LANDSAT-1 and NOAA-2 and -3 imagcr>’ arc use- 
ful in observing the formation and ablation of inlet 
ice and in defining winter surface circulation patterns 
as inferred from sea ice movement. Although LAND- 
SAT-1 imagcr>' has better ground resolution, its utility 
is somewhat reduced by the 14-day gap between orbital 
cycles and by a two month period when data are not 
obtained due to low sun angles (< 8°). NOAA-2 and 
-3 IR imagery supplements the LANDSAT data be- 
cause of increased capability for haze penetration, the 
capability to show thermal differences and more fre- 
quent acquisition of data. 
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Figure 61. Distribution of inlet ice along the southwest shore. MSS hand 5 image l'i5S-2059J, acquired 
29 lanuary 1974. 
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Cloud-frcc LANDSAT imagery acquired on 29 Jan- 
uary 1974 (Fig. 61 ) showy the distribution (1 ) ol ice 
floes and fra/il ice al‘'ng the western coast from Chenik 
Head in Kamishak Bay north to Redoubt Bay. Westerly 
winds are moving the ice southeast (2) out of Kamishak 
Bay past Augivstinc Island (4) while winds and tidal 
currents produce complex patterns along the inlet coast 
farther north. These complex patterns may be influ- 
enced by tide rips which form 2 to 4 miles north of 
Chinitna Point with a strong westerly wind (U.S. De- 
partment of Commerce 1964). Lake lliamna (3) is ice 
covered and the fractures are very distinct. 

Although SKj cloud covered, LANDSAT image 1 571- 
20472, acquired on 14 Febriiary 1974, shows ice floes 


concentrated in Redoubt Bay west ut Kalgin Island, 
along the west side between Harriet Point and Tuxedni 
tkiy, southeast of Chisik Island, in the eastern inlet 
south of the Last f oreland to an area between Kenai 
and Kasilof and in the northern inlet. LANDSAT 
images 1 572-20530 and 1 572-20533, acquired 1 5 I eb- 
ruary 1974, are 50^c cloud covered but show the ice 
distribution along much of the western shoreline be- 
tween the West F oreland and Cape Douglas as observed 
on the previous day. Movement of the ice in this 24- 
hour period was strongly influenced by domirunt 
westerly to southwesterly winds. Ice floes are still con- 
centrated in Redoubt Bav but much of that southeast 
of Chisik Island has been aligned with the wind in lung 
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/ uiuri’ 62. Seu ice m Otok Inlet on IS I ehru<try 1973, VHHR visible image. 


■■strmgcr>" jnd has been moved ntw ihcaslcriv away 
from the west coast. Stmilar elongated patterns have 
frjrmed in the ice near Cape Douglas. 

\0*\A-2 and -3 imagers acquired on 1 8 f ebruars 
1973 (Fig. 62), I 2 March (f ig. 63) and 26 March (Fig. 
64) |9T4 show the distribution of sea ice throughout 
the inlet. The sea ice patterns are similar to the patterns 
of suspended sediment as observed on LANDS AT 
irrugers . The highest concentrations of sea ice <KCur 
;n the rsorihcrn inlet and in the western p«»rtion of the 
southern inlet. The eastern portion south of the tore 
land Is generativ ice-tree because this area is character- 
i/cni hv the intrusion ol sea watc*r which is warmer than 


inlet water during winter months. There appears to be 
more ice present on 18 February 1973 than on 12 
March 1974. The area near the inlet mouth (1 ) is ice- 
tree but ice is concentrated around Kalgin Island (4) 
and in Kamishak Bay around Augustine Island (3). 
Clouds (2) obscure portions of Kamishak Bay on 1 8 
Feb'iMry '973. There is less ice in Kamishak Bay on 
1 2 March 1974 (f ig. 63) than on 29 January 1974 
(I ig. 61 ). Notice the changes in distribution between 
1 2 March and 26 March (Fig. 64) 1974. Less ice is 
present m the inlet but more is coiKentrated west of 
Augustine Island. Also the cast side of the ice cover 
on Tustumer^ Lake (5) appears to have melted by 


69 



200km 


Figure 63. Sea ice in Cook Inlet on 13 March 1974, ,\OA A-3 l II NF visible image 


26 March 1974. NOAA-2 imagcrv Irom 4 April 1973 
and 6 April 1974 show*, ihai icc has ablated and the inlet 
is icc-*rce while icc and snow remain on land near th^ 
coast. This preliminary analysis of sea icc distribution 
and movement demonstrates that with certain limita- 
tions, satellite imagery can provide data required to aid 
navigation and guide construction of offshore facilities. 
An important advantage ol satellite imagerv is the syn- 
optic view while the major limitation is the difficulty of 
obtaining sequential cloud free imagery coincident with 
the occu.'rencc of significant ice movement. 

The prescrKC of this mobile ice cover is useful in 
making comparisons between analogous sumnr.cr and 


winter circulation patterns. The highest concentra- 
tions of sea icc generally occur in the western portion 
of the lower inlet while the easten portion remains 
icc free. Predominantly north winds in the winter also 
move the icc to the west and southwest side of the in- 
let. Although large ice flues arc a navigation hazard as 
they move up and down the inlet between the fore- 
lands during flood and ebb tide, extensive damage to 
shipping has gc.terally been avoided, although numerous 
reports of shipping difficulties have been made {Alaska 
District 1973). 
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Hyure 64. See ice i.n Cook Inlet on 26 March 1974, NOAA-3 VHRR visible image. 


Tidal flushing characteristics 

The pollutant flushing lime of an estuary is the lime 
required for existing fresh water in an estuary to be re- 
placed. The time deper ds basically on river discharge 
and salt water replacement due to mixing cnlrainmcnt. 
Pollutant concentrations arc also reduced by dispersion/ 
diffusion mechanisms which mo\c pollutants to other 
water masses in a high velocity regime and bv fresh 
water input which moves entire water masses to sea by 
supplying new water (advcctive How) (Murphy el al. 
1972). Various methods are useful in determining the 
flushing rate but thei. utility is limited by the available 
data. 


Rosenberg et al. (1967) calculated the concentra- 
tion of an effluent introduced near Nikiski and deter- 
mined its distribution considering removal by river 
flow and salt water replacement. Fresh water, as it 
migrates seaward from an estuary, entrains salt water 
from below; at steady state, seawater enters the inlet 
at the rate it is being entrained. The amount of en- 
trained water is calculated knowing the mean salinity 
of the estuary. This value for Cook Inlet is 24.1 5 parts 
per thousand as determined from data acquired in )une 
1967. The flow of entrained water is calculated as 
follows: 
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where V'j = entrained flow (ft* /sec) 

5, - average salinity of inlet (parts per thousand) 

= 24.1 5 parts per Ct.>usand 
5 q = salinity of source water at mouth (parts per 
thousand) = 32.00 parts per thousand 
K = river flow at lime of observation (ft*/sec) = 
mean monthly, 10.2x10^ fl*/sec. 

From this equation, total water leaving the inlet per 
vear is 1 .1 3 x 10' ^ ft^ Conclusions from this investiga- 
tion indicate that soluble wastes introduced south of the 
East Forelands would be mixed thru jghout the inlet 
or removed by turbulent mixing, tidal changes, river 
flow, salt water replacement and waste decay. 

Kinney et al. (1970a) investigated oil pollution in 
Cook Inlet and reported the flow of entrained sail water 
for June using cq I lobe k'j = 1.32x10* ft^/sec when 

= 32.0 parts per thousand, - 29.7 parts per thou- 
sand and ^ = 1.02x10® ft^/scc. This is equivalent to 
4.40x10'^ ft^/yr. Since winter river flow is significantly 
lowei, the yearly flushing flow would be reduced if sa- 
linity remained coi slant. However, Bowden (1967) re- 
ports that flushing times arc affected more by turbulence 
and mixing than seasonal river flow variations; therefore. 
Cook Inlet would maintain a relatively high l/j. With 
these values, Kinney ct al. (1970a) conclude that tidal 
and river driven flushing reduces the hydrocarbon pol- 
lutants in Cook Inlet by 90% in about 10 months. 

Since data for t ic entire inlet arc sparse and coastal 
development Is and will be concentrated along Kink 
Arm and Kachemak Bay, respectively, the flushing rates 
for these areas were dctermi'ied by the simplest, but 
possibly the least precise, method — the tidal pr'sm 
method (Ketchum 1950, Lauf 1967 and Dyer 1973). 
Flushing time in tidal cycles T was calculated as follows: 

T={V^P)tP (2) 

where V is the low tide volume and P the intertidal vol- 
ume (tidal prism). Flood tide water is assumed to be- 
come totally mixed with estuary water; sea/river water 
introduced during flood equals the tidal prism. The 
same volume of water is removed on ebb and the amount 
of fresh water equals the increment of river flow. Gen- 
erally this method yields faster rates than other methods 
because, in reality, mixing is incomplete. Fresher water 
near the inlet head docs not reach the mouth during ebb 
and some of the water that escapes during ebb returns 
at flood. 

The modified tidal prism method (Ketchum 1951) 
divides an estuary into segments determined by the 


average tidal excursion of a water particle on flood 
tide. This legmentation method r?quirrt that the 
innermost segment be defined as that which has an 
intertidal volume equal to the river discharge. River 
discharge data for Eagle, Chester, Matanuska, Cotton- 
wood and Kink Rivers bordering Knik Arm were avail- 
able from Wagner ct al. (1969). Discharge data were 
available only for the Bradley River on the northeast 
coast o: Kachemak Bay (U.S. Geological Survey 1971 ). 
To approximate the total river input for this bay (Fig. 
65), the meltwater discharge from the Grewingk (6), 
Portlock (7) and Dixon (8) Glaciers was considered 
similar to that of Kachemak Glatier (9), the source of 
Bradley River (10); the Fox River (1 1 ) discharge was 
approximated as twice chat of the Bradley River since 
two main tributaries of the Fox River head at Dipglc- 
stadt (12) and Chernof (13) Glaciers. 

The innermost segment is that with an intertidal 
volume Pq equal to the river R (Dyer 1973): 

P^^R 

Vq = low tide volume of segment. (31 

The limit of the next segment is placed so 

V = y +p = u +/? 

The low tide volume in each segment equals the total 
tidal prism with the next landward segment, plus the 
low tide volume in segment 0, or 


ti-i 




= l/o + /? + 


P. 


(4) 


Each segment at high tide contains the volume of water 
in the next seaward segment at low tide. With complete 
mixing at high tide, the proportion of water removed on 
ebb is the ratio between local intertidal volume and high 
tide volume. An exchange ratio can be defined for any 
segment n as 

rn-‘>’JK*K)- ( 5 ) 

The flushing time in tidal cycles will be ^|r^. In any 
segment the amount of river water removed during ebb 
equals r„(l -r„)"'“* R where m is the age in tidal cycles 
while the amount remaining equals (1 R. The 

total volume of river water (?,. accumulated in segment 
n equals 

(?« --/^n (6) 
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Figure 65. Kachemak Bay. 2x enlargement from LANDS A T MSS band 4 image 1066- 
20452, acquired 27 September 1972 (scale approximate). 


The sum is (/?//"„) [1 - (1 - 1 when m is large; 

{1 approaches 0 whenr^ < 1, so that 

Q.=f^!rn- ( 7 ) 

Total flushing time for all estuary segments equals 
The seaward limit of Knik Arm was defined bv a 
north-south line from Point Woronzof (Fig, 66), that of 
Kachemak Bay from Gull Island to Coal Point (Fig. 65). 
Total areas of water for high tide, mean lower low tide 
and the 3 or 10 fathom depths in each bay were deter- 
mined with a planimeter from National Ocean Survey 
navigation charts 8553 and 8554. Approximate volumes 
were calculated for lower low, intertidal and higher high 
water using tide tables (U.S, Department of Commerce 
1972). The lower low water volume for Knik Arm was 
4.5 X 1 0* m^ , the intertidal 5.7 x 1 0* m^ , and the higher 
high water 1.02x10’ m^. The river flow into Knik Arm 
in March is 1031 ft^/sec and. using the tidal prism meth- 
od, the flushing time was determined to be 205 hours. 

7J 


or approximately 8.5 days. When freshwater runoff is 
highest in July, the flushing time decreases to 13.1 hours; 
the annual average is 47.9 hours. Using the modified 
tidal prism method, the resulting flushing times were 
higher, but compared favorably to that determined for 
March by the tidal prism method, 205.6 hours. The 
July value was calculated to be 1 3.2 hours; the annual 
average was 48.2 hours. 

The lower low water volume for inner Kachemak 
Bay is 5.81 xlO’ m^, the intertidal 1.53x10’ m^. Using 
the tidal prism method 773 hours, or approximately 32 
days, was the flushing time in March when runoff was 
30.5 ft^/sec; flushing time using the modified method 
was 774.3 hours. In July tfie runoff was 1394 ft^/sec, 
and with the two methods, 17.07 and 18.0 hour flushing 
rates were calculated, respectively. Wiih annual aver- 
age discharge of 408 ft^/sec, the flusf.ing times were 58.8 
and 593 hours, lespectiveiy. 

The extremes in river discharge at both sites signifi- 
unlly influence the flushing of pollutants. In addition. 



Figure 66. Northern Cook Inlet. LANDSA T MSS band 7 image 1390-20450, acquired 1 7 August 1973; ebb 
tide at Anchorage. 


at Knik Arm the tides are especially effective in increas- 
ing the dilution volume of the receiving waters by: 

1 ) moving vast quantities of water past any point in the 
Arm (this produces an effect comparable to that obtain- 
ed by a large diffuser installed in the same body of water 
without such tides) and 2) the intense tidal currents in- 
crease the turbulence in the receiving water and create an 
ideal environment for rapid dilution of wastes through 
turbulent diffusion (Marine Advisers 1965). As a result 
the large tidal ranges and turbulence, especially in Knik 
Arm, would produce more rapid flushing rates. 

The movement of surface water out of Knik Arm 
during ebb tide is observed in Figure 66. This LANDSAT 


image shows near IR reflected radiation (0.8-1 .1 m): 
very little water penetration is achieved in this wave- 
length. Tidal flats (1 ) are apparent and variations in 
suspended sediment loads near the water surface en- 
hance the current patterns. Turbid water (2) appears 
lighter than clear water (3). These patterns show the 
most likely path of pollutant transport and potential 
sites of dispersion or concentration can be distinguish- 
ed. Ebbing water moves out of the Arm between Fire 
Island and the north shore and appears to stay on the 
north side of the inlet. Data from detailed studios at 
the mouth of Turnagain Arm indicate that tidal currents 
of 4 to 6 knots generally move directly up and down 
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Figure 67. Anchorage area during early flood tide (out- 
lined in Figure 66; NP-3A photograph). 


the Arm with the changing tides (Alaska Department of 
Highways undated). There is minor lateral movement 
of water except at early flood and late ebb when bottom 
friction is greatest and eddies are common. These virtu- 
ally straight patterns are also apparent on the LANDSAT 
image in Figure 66. 

Figure 67 (location indicated on Figure 66) shows 
the location of the Anchorage Borough Sewerage Treat- 


ment Plant (I ) at Point Wuron/of (2). The plant's out- 
fall is located northwest (3) of the Point in an area of 
high turbulerxe and mixing. Currents in this area 
essentially rectilinear (to and fro) with weak transverse 
motion. This is rellected in the linear surface patterns 
(4) at the mouUt of Knik Arm (Fig. 66 and 67). Model 
studies show that flow past the AfKhorage Dock area 
(9) is approximateiy 2.$x10* ft'/sec but varies with 
tide heights (Carlson 1970). Murphy et al. (1972) re- 
port that a large eddy current may form in the half- 
moon-shaped bay east of Point Wororuof which may 
tend to concentrate wastes in this area. Detailed cur- 
rent studies verify that a clockwise gyre forms on the 
rKMlheast side of Point Woron/of during flood, a 
counterclockwise gyre on the southwest side during 
ebb (Marine Advisers 196S). Due to high turbuleiKC 
in this area there is nearly complete mixing and little 
thermal stratiFication. A "feathered-edge" pattern (S) 
suggests that bottom scouring nuy occur west of Point 
MacKen/ie during early flood. Clear water (6) occurs 
in the protected area (sun glint (7) shows the surface 
roughness); turbid mixed water (8) exists north of 
Anchorage. 

Figure 6S shows Kacheniak Bay on 27 September 
during early flood tide. Homer (1 ) is located al the 
base of the spit which divides the bay in half. Clear 
oceanic water (4) has begun to move into the inner bay 
and more turbid water (3) occupies the north side. 
Glacial meltwater (S) appears to be moving outward 
and mixing with less turbid water (2). Flushing within 
this portion of the bay may be signif icantly reduced 
because of the narrow opening between the spit and 
south shore. 


SUMMARY AND CONCLUSIONS 

Sufficient observational data on transport-circulation 
processes have been presented to develop a basic under- 
standing of the regional relationships between river 
hydrology, sediment distribution and nearshore ocea- 
nography in Cook Inlet. Synoptic interpretations made 
from repetitive aircraft, LANDSAT-1 Multispectral 
Scanner (MSS), and NOAA-2 and -3 Very High Resolu- 
tion Radiomrter (VHRR) imagery with corroborative 
ground truth data provide, for the first time, a means 
of analyzing on a regional basis estuarine surface circula- 
tion, sediment distribution, water mass movement, 
coastal processes, areas of sediment deposition, tidal 
flat distribution, and coastal land forms. The distribu- 
tion and configuration of tidal flats were mapped with 
MSS band S and 7 images. Coastal landforms and con- 
figuration are most apparent in band 6 and 7 images 
taken during the 6th LANDSAT-1 cycle; cultural 
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lectures not previoiniv nupped ate alvu viublc un the 
MSS band 5 imacnof thne fctfnn. Areas ul uJtpccird 
upMrcliin](. the dhtribulion uf suspended sediment and 
surface cuculatMin patterns >sere mapped im MSS bands 
4 and S. Cumparisum uf these features and processes 
Mere made with colur tK and thermal fK aircraft im- 
alters . Sediment Jistributiun, current direitions. mix- 
ing patterns along river plume and ssatcr mass buund- 
aries. tidal flats and cuastal landfurms shuM best «m the 
culur IK photifgraphy. The thermal IK scanner imagrry 
Mas must useful in interpreting mixing rune patterm. 

The regiural circulation, as inferred from suspended 
sediment patterm apparent on the imagery, was verified 
by ground truth data. Clear ocean water moves into the 
inlet and progresses northerly along the eastern shore 
during flood tide at Sclduvia, svhile ebb flow is occurring 
at Anchorage; near Niniichik mixing increase's with sedi- 
ment laden inlet water. Qcar oceanic water also pro- 
gresses in an easterly direction along the south side of 
Kachemak. Bay during flood tide. \Vatc*r with higher 
susi-ended sediment concentration from Tox Kiver and 
Shc'ep Creek is confined to the northern portion of the 
bay. Turbid inlet water generally iKCurs in the western 
portion of the inlet and moves south towards the inlet 
mouth along the west side. Changes in the sediment 
concentration of these water masses and of rivers dis- 
charging into the inlet can be inferred from the tonal 
variations in the MSS imagery. Complex circulation pat- 
terns are produccu around Kalgin Island because at this 
location ebbing and flooding waters meet; current veloci- 
ties arc high and coastline configuration causes strong 
cross-inlet currents. Several local circulation patterns 
not recognized before were identified: a clockwise back 
eddy observed during flood tide in the slack water area 
between Cape Ninilchik and Kcnai offshore from Clam 
Gulch, a counterclockwise current north of the fore- 
lands during ebb tide at Anchorage, and the movement 
of sediment laden, ebbing water past tftc west side of 
Augustine Island, out the inlet around Cape Douglas 
and through Shclikof Strait. 

Imagery interpretations and ground truth data also 
indicate that turbulence and mixing are especially high 
along the southeast coast. The rivers along this coast 
contain less suspended sedirricnt than those on the north- 
west shore; the high sediment concentration in these 
coastal waters is probably due primarily to bottom 
scouring and resuspension during flood tide. A distinct 
mass of less turbid water was observed to intrude into 
the Kenai River more than a mile during flood tide. 

This increased volume of water may hasten the disper- 
sion of pollutants from the river by increasing the dilu- 
tion of pollutants within the volume of water available 
for mixing. Along the northwest coast between the Drift 


and Big Rivers, variability in water turbidity is distinct 
and the movement of water was traced through sev- 
eral tidal stages. 

Stratification occurs in and around protected areas 
such as Kamtshak and Kachemak Bays throu^iout the 
summer months but is weak in late spring and early 
fall when fresh water runoff is .'educed. It is generally 
agreed, however, that stratification in nsost of the in- 
let is weak due to high turbulence and mixing. The 
variable densities in stratified water provide bound- 
aries along which pollutants move and disperse. 

Strong stratification could restrict diffusion and cause 
increased pollution coiKentrations. A summary of 
stratification in the loiver inlet during summer 1973 
follows: 

May weak or absent in the central inlet, mure 
developed in Kamishak Bay arournl Augustine Island, 
along or near the west shore and in outer Kacherruk 
Bay (this is typical for all tides). 

June weak in mid-inlet, decreases going north 
along the west shore, persists in Kamishak Bay (how- 
ever, the thcrmocline is up to 25 m deeper near the 
inlet mouth on the west side). 

)uty weak near mid-inlet mouth, stronger on 
west side of mouth (generally the thcrmocline varies 
with the tt-25 m depth). 

August stratification persists in Kachemak and 
Kamishak Bavs. 

September stratification becomes stronger in the 
above areas. 

The locations where most pollutants are presently 
discharged into the inlet arc sites of high turbulence 
and mixing. Dissipation of the polluUnts depends 
primarily on the velocity of the tidal currents and tur- 
bulent diffusion and mixing, and on the inflow which 
influences the net exchange of inlet and ocean water; 
where these factors are high, dispersion and diffusion 
arc greatest. Current and mixing patterns in these 
areas were observed on the satellite and aircraft imagery. 

This investigation has contributed to the NASA 
Earth Observations Aircraft Program by demonstrating 
the utility of aircraft and satellite imagery and current 
state-of-the-art remote sensing interpretation techniques 
in providing repetitive synoptic data on estuarine proces- 
ses in the subarctic. This program was established in 
1964 at NASA’s Manned Spacecraft Center (MSC) to 
develop earth survey techniques using aircraft equipped 
with various combinations of photographic, infrared, 
and microwave remote sensing instruments. The pro- 
gram has grown in size and importance due primarily 
to increasing national interest in ecological problems 
and the current emphasis within the government in 
testing space science and technology for practical 
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jppiKHitiom (N^liuiul Ac* uiuutk^ jnd Sfucc Atlmin- 
AlutMjn 1972). Ihr technHjun utili/ed during Um 
uud> cjn br incful in teuiding Mnpruvrmcnit in temor 
wk«.lMjn vid intcfprrUlion mrlhud m futuic vtldiile 
prugfaim .< «migiling arctk. and uibjrctit ucedftajgr^pbv . 

APPLICATIONS 

UemiimuatMim jnd H>n^uUtium on the application 
ul jwwfjlt 4fid Mtdlite imagery to a widr variety of earth 
rcvourcey inveytigatium arc riumerum in the literature. 

It would be redundani to cite ihew c&ampicy here. Ay 
an alto native the LongreMiunal Actv whKh deal with 
subrecty pertinent to thiy inveytigation and which form 
the baviy tor the principal civil worky miyyiun reypumi- 
bilitiey of the Corps of tngineery arc listed according to 
yubiect areas: 

1. Water /land conservation: 

I ederal Water Proiect Recreation Act, I96S 
Land and Water Conservation Act, I %5 
Outdoor Recreation Act, 1%3 
I.Stuarinc Study Act Inventory of hstuaries, 

1968 

2. F.:ivironmcntal impacts: 

National Environmental Policy Act, 1969 

3. Maintenance of waterways, shorelines and beaches: 
River and Harbor Act, 1962-1968 

Coastal Zone Management Act, 1972 

4. Water quality: 

Clean Water Restoration Act, 1966 
Fish and Wildlife Coordination Act, 1946-1958 
Federal Water Pollution Control, Act, 1948-1972 
Water Quality Act, 1965 

Marine Protection, Research and Sanctuaries Act, 
1972. 

Simultaneously, these Acts deal with subjects for which 
the utility of aircraft and satellite imagery has been 
demonstrated or suggested by this or related investiga- 
tions. A number of applications in earth resources 
studies recognized during this investigation and directly 
applicable to the requirements of the aforementioned 
Congressional Acts are shown in Table VIII. 

In addition, data on circulation and sedimentation 
provided by this project and similar remote sensing in- 
vestigations would be useful in several on-going Alaska 
District, Corps of Engineers investigations: circulation 
and sedimentary processes at sites of proposed deep- 
draft harbors and/or small boat basins in Iniskin Bay 
(near Anchorage) and at several locations along the 
southeast shore, resi’spension of dredge material disposed 
at the site 300 m vv<« of Anchorage in 12 m of water, 
sedimentation near Anchorage and Kcnai, shoaling and 


liitural drift near Kcfui. suspended scdimcfit irans- 
purt mechanisms, and beach erosion control at 
Ninilchik. The data could also be used in develuping 
maintenance dredging schedules and in preparing en- 
virunmenul impact statements prior to the construc- 
tion of offshore and coastal structures, especially in 
areas of active petroleum devciupment. 

Taole VIII. Applications of aircraft and satellite 

imagery. 

A. Data base 

1 . Preliminary site selection 

2. Coastal Zone Management decisions 

3. Channel and harbor maintcnarKc 

4. Regional environmental interpretations 

5. Ecosystem protection 

B. Augment preparation and revision of hydro- 
graphic and navigation charts 

C. Acquire engineering design criteria 

D. Interpret coastal processes 

E. Improved thematic mapping 

F. Monitor estuarine circulation 

1. Dispersion of pollutants 

2. Movement of sea icc/icc survey 

3. Sediment distribution 

4. Fish migration 


Remote sensing techniques utilized in this investi- 
gation could also provide reliable repetitive data to 
state, local and federal agencies and private industry 
with interests in preserving the environmental quality 
of the inlet. One of the major objectives of the Coastal 
Zone Management pro.grams being administered by 
NOAA is the acquisition of information on estuarine 
and coastal water circulation, waste assimilation cap- 
abilities of coastal water and coastal sediment trans- 
port. The U.S. Geological Survey is currently investi- 
gating the sources and deposition of sediment in estu- 
arine and coastal environments. The National Ocean 
Survey, NOAA is actively updating existing navigational 
and tidal current charts. Private industry has increasing 
interest in developing and exploiting the resources and 
commercial potential of the Cook Inlet basin. Federal 
funds may become available to study the regional im- 
pact of a proposed export dock at Point MacKenzic. 

A lumber chip mill has been proposed for construction 
in the Homer area. Interest has recently increased in 
coal reserves at Beluga and minerals along the west 
shore; petroleum exploration drilling in the southern 
Co ik Inlet has be.ii active since September 1974. Wise 
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utili/atKin of ihctc ttWMtts »ilh mininul rfUtfun- 
mcnul dc):r4d4liun it mm jtkmmfrtJsctl to be a pn 
nury cunccfn of our tucirlv. With prrMurc mounims 
rapidiv for c«tcmivc dnrHupmmt, it n nrccMarv lu 
continue the emironmental retearch rtuuwed to m- 
create our bauc undertundmf of thit rctMMi at toon 
and at viporoutlv at putuble Cook Inlet it the fattetl 
ipottint area in induttrial detefopment m the tlate of 
Alatka. Increated preuurr^ of population and itiduv 
Uiali/atHNi make it imperatne that invettitatiunt ol 
the natcr retourcet of Cook Inlet be continued in order 
to manage thete retourcet in the mott cflkieni manner 
pottiMe. 

RtCOMMtNDATIONS 

Bated on the experierve of thit invettigation it it 
conttdered appropriate to make tome general recom- 
mendationt relative to future NASA tarth Obtervationt 
programt. f irtt, there it a need to emphati/e and 'm- 
prove provitiont for technology transfer within user 
organizations. Greater awareness and participation from 
the operational personnel of the user agencies is needed. 
This, of course, it a responsibility of the user agencies, 
but NASA should recognize this need and take the lead 
in stimulating a greater awareness of this requirement 
and aid in devising means fur implementing effective 
programs. Second, utilization of aircraft and satellite 
data must be increased in remote areas where ground 
surveys are seasonally impossible or prohibitively ex- 
pensive. These aerial data provide repetitive, synoptic 
views of many dynamic environmental processes. Third, 
a cooperative program involving the U.S. Geological Sur- 
vey, the National Ocean Survey (NOAA) the Corps of 
Engineers, universities and state agencies shoiild be in- 
stituted to develop a more complete data base on the 
water quality and processes of the inlet. Presently the 
above agencies and institutions have separate projects 
to provide data on several aspects of the inlet oceanog- 
raphy. The suggested unified approach would produce 
integrated baseline data in all pertinent oceanographic 
fields with minimal duplication and costs. As a result 
private industry and responsible state and federal gov- 
ernmental agencies could utilize the data package to 
more intelligently and efficiently plan, design and con- 
struct offshore engineering structures, to maintain ex- 
isting harbors and navigable waters, and to implement 
a coastal zone management program based on complete 
and up-to-date data. Fourth, additional research is re- 
quired in several areas. Complex circulation patterns 
were observed in the middle inlet from Kalgin Island 
to just north of the forelands. Extensive mixing of the 
oceanic and inlet water masses occurs here and current 


ctecctHimvtufw lour limn daily. A detailed aiuly- 
sn of lidil/scnonal ctungn in this area wuuid pro- 
vide a more complete understandmg of ihe mlet cir- 
culaliun. Detailed insestit^lMjm ol uceanofraphs. 
pzocessn shcwld be completed prior to offshore ex- 
pluralian and drillint m southern CuoL Inlet. Poten- 
tial puHuiMin tram drillinc muds is currently of 
particular coiKcrn lu fishermen in the Kachemak Bay 
area. Repetitive aerial surveys ol rjie bay would pro- 
vide diU on circulation which would be useful in 
selecting possible disposal sites '/or the muds. Filth, 
Ihe utility of invtgery in measurement of suspended 
sediment corKeniratiom should be investigated as a 
method for nlimating deposition rates, dredging 
schedules, and ultimatefy, the longevity of harbors 
and small boat basins. 
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